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I. INTRODUCTION

The score obtained by an individual on an achievement

test will, depending on the standard employed, generally pro-

vide two types of information. If information pertaining to

an individual's standing in reference to others in a particu-

lar group is desired, a relative standard is employed, Glaser

referred to such a measure as a "norm-referenced measure."

Scores on norm-referenced measures are typically in the form

oy percentiles, equivalent scores, standard scores, etc.

If information pertaining to an individual's level

of mastery of some specified criterion is desired, an abso-

lute standard is employed. Such a measure is referred to by

Glaser as a "criterion-reference4, measure."2 The same dis-

tinction has been made / Ebel with "Normative Standard Scores"

versus "Content Standard Scores," 3 and Flanagan with 'standard"

111111.11MINIMMOMMILA

Robert Glaser, "Instructional Technology and the
Measurement of Learning Outcomes: Some Questions," American
Egagmlnist, XVIII (1963), 520.

2
Ibid., p. 519.

't L, Ebel, "Content Standard Test Scores,"
Educational and Psychological Measurement, XXII (1962), 15.
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versus "norm" scores. 4
According to Glaser:

Measures which assess student achievement in
terms of a criterion standard thus provide infor-
mation as to the degree of competence attained by
a particular lAudent which is independent of ref-
erence to the performance of others.5

In many classroom situations the use of norm-referenced

measures has been ,amphskaivefl- Typicallyt the instructional

sequence, materials, and rate of progress for each student in

the class are held constant. At the end of some specified unit

an ach evemen,', test is administered to the entire class at the

same time. The student's scores are then ranked in relation to

each other, or in some instances, the scores are ranked ad

interpreted in reference to some normative group.

While providing information concerning the number of

right and wrong answers and the relative standings of indi-

viduals, thc score on a norm referenced test does not indicate

what specific behaviors the student has mastered. Except in

the extreme cases where every item is passed or failed, raw

scores or percentages indicate only the number of questions

answered correctly. Converting the raw scores to percentiles,

standard scores, equivalent scores, etc., still provides no

information concerning the particular skills the student has

or has not mastered. "From a percentile we know the location

4 John C. Flanagan
Educational Npasurement, E
D.C.: American Count fr on

r "Units, Scores, and Noms,"
. F. Lindquist, editor !Washington,
Education, 1951), p. 698.

5
Glaser, ohs. cit., p. 520.
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of a pupil's score in the distribution of scores of the norma-

tive pupils, we still do not know how much arithmetic a pupil

underr,tands."6 Different scores indicate that different items

have been answered correctly, but not what items were answered

correctly. The same scores do not neces_arily indicate that

the same items have been passee; success on many different

items has probably occurred. To determine the specific be-

haviors which have been mastered, the individual items need to

be examined.

In many cases knowing the ranks of the individuals

is sufficieLc.. But with the development of programs of jilt:1i-

vidualized instruction, such as programed learning or non-

graded classrooms, criterion referenced measures have become

increasingly important. In individualized instruction each

student sets his own pace for learning and in the process may

pursue varied curriculum sequences and materials. The per-

formance criteria for a specified unit of work may be identi-

cal for all students however, their performance being compared

to an absolute rather than a relative standard. Minimum

levels of mastery are established which the student must meet

before progressing to the next unit. Tests for units are not

administered to the group as a whole, but to individuals as

6
rred T. Tyler and Walter R. Stellwagen, "The Search

for Evidence about Individual Differences," /ndividualisim
Instruction, Sixty-first Yearbook of the Natiali-rWiety for
ER-gaair-E4 Eduction, Part I (Chicagom Illinois: The
University of Chicago Press, 1962), p. 99.
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they complete these units in their instructional sequence.

The score on this type of test is used to determine whether a

student progresses to the next unit. His score is compared

to the criterion established for the unit, not to the scores

of others in the group.

The "impact of individualized instruction on testing

and diagnosis in the schools" has been discussed by Coulson

and Cogswell. 7
They stated that the trend toward indi-

vidualized instruction "... is not ar isolated phenomenon,

independent of other educational activities such as testing.... "8

The authors spoke of the need to develop "... a go/no go test

determining whether a student is ready to graduate or to pro-

gress to the next study unit. ..." 9
If such diagnostic cech-

niques as Coulson and Cogswell described could be developed,

the authors suggested that "they should provide not only a

means for more effective instruction, but also a basis for

constructing more useful theories of education and learning."10

John E. Coulson and John F. Cogswell, "Effect of
Individualized Instruction on Testing," Journal of Educational
Measurement, II (1965), pp. 59-64.

8
Ibid., p. 59.

9
Ibid.

10 Ibid., p. 63.
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The need for further consideration in test develo

ment has also been recommended by Glaser who stated:

Test development has been dominated by the
particular requirements of predictive, corre-
lational aptitude test 'theory.' Achievement
and criterion measurement has attempted fre
ql sqltly to cast itself in this framework.
However, many of us are beginning to recognize
that the problems of assessing existing levels
of competence and achievement and the conditions
that produce them require some additional ccn-
sideration.11

430

Since crite on-referenced measures are directly

concerned with "as sing existing levels of competence and

achievement," they should provide information concerning the

students' successes ard failures on specified behaviors.

Whether this information can be obtained from the raw

score on a criterion-referenced test, or whether, as in the

case of norm-referenced tests, the individual test items

require examination remains a problem.

.10011.111111MWINIM...11LIMINMIlif

11 Glaser, a:, cit., p. 521.
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II. REVIEW OF RELATED RESEARCH

A. !k11.2E211A2212tain Test Scores Providin Further Information

Attempts have been made to provide scores yielding

further information than that furnished by norm-referenced

scores. Grossnickl employed Thurstones paired comparinons

technique to investigate the possible scaling of individuals

making certain test scores. 12
The desire was to obtain scores

which would remain relatively the same for individuals re-

gardless of the group in which they were placed, A biology

test of 100 items was administered to 100 persons whose scores

were then ranked from highest to lowest. These scores were

then grouped by 5's to form twenty "hypothetical individuals,"

the top five scores being individual number 1, etc. Scaled

scores for these twenty individuals were obtained.

A new group of thirty persons was selected and given

the test. These persons were also combined into six "indi-

viduals," and scaled scores obtained. Four "individuals"

from the original group were then randomly selected and com-

bined with the latter group of six. While the four scaled

scores did not remain the same in the new group as in the old,

the distance between the scores remained stable. Grossnickle

concluded that "this experiment using the paired comparison

method, has proved that it is possible to scale individuals

taking any mental and educational test." 13

.1111M111111111.111MING111Mv

12 Louise T. Grossnickle, "The Scaling of Test Scores
by the Method of Paired Comparisons," Peychometricka, VII (1942),
pp. 43-64.

13
Ibid., p. 62.

6
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Such a conclusion seems somewhat unwarranted. The author

claimed this truth for individuals, yet she never dealt with

individuals; also, she generalized to the population of all

mental and educational tests from one biology test. No

additional meaning could really be attached to the obtained

scores since they changed depending on the reference group.

A further attempt to add meaning to test scores was

reported by Tucker at the 1952 Invitational Conference on

Testing Problems. According to Tucker:

experimental and analytic methods for test
development and score scaling may exist or be
developed which do not depend on the relative
number of examinees who receive each particular
score in a reference group of examinees.14

In keeping with this suggestion Tucker attempted to obtain

scores relating individuals' proficiency on a skill to the

dif:iculty of a task performed at a marginal degree of success.15

He provided the following example: In receiving telegraph

code an individual will make fewer errors receiving slow signals

than fast signals. At some speed he would receive with 90%

accuracy. This signal speed could be used to characterize that

individual's level of proficiency. Tucker proposed a system

for defining a scale of difficulty for intellectual skills.

14
Ledyard R. Tucker, "Sele Ang Appropriate Score

Scales for Tests--Scales Minimizing '-z,he Importance of Reference
Groups," Proceedings, 1952 Invitational Conference on Testin.
Problems WilFceton: National Test3nT3iivice, TW5 , pp. 27-28.

15
Ledyard R. Tucker; "A Level of Proficiency Scale

for a Unidimensional Skill," American Psychologist; VII (1952),
408. (Abstract)
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Such a model involved several steps which included

estaolishing subgroups of individuals with approximately equal

skills, obtaining the proportion of successes on each task for

each subgroup, and determining a scale value for each subgroup.

Tucks: _ reported that results from an application to a set of

verbal analogy items indicated promising possibilities, but

he provided no data. He proposed a further tryout involving

the scaling of vocabulary items from fourth grade through

college. It would appear, however, that this technique will

provide a score similar to a mental age, rather than indicating

what specific behaviors have been mastered.

A similar attempt to provide scores indicative of a

level of proficiency has been reported by Ebel. He discussed

two studies concerned with providing "content standard scores."

These scores are based directly on the tasks which compose the

content of the test, and are defined as a "percent of a sys-

tematic sample from a defined domain of tasks which an indi-

vidual has performed successfully. "16

Ebel constructed a test of knowledge of word meanings

based on a sample of 100 words from a specified dictionary.

The words were arranged in alp,labetical order; the task was to

match the words with their corresponding definitions. Ebel

stated that "these tests constitute one operational definition

of the proportion of words in a certain dictionary for which a

person 'knows' the meaning...."17

111111MIM.IIIIMINIIYM.

16 Ebel, "Content Standard Test Scores," Educational and
Psychological Measurement, XXII (1962), 15.

17
Ibid., pp. 24-25.
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Ten items were also selected by Ebel from the mathe-

matics section of the 1959 Prelimigsu Scholastic Aptitude Test.

Initially all fifty items of the test were classified into ten

content categories, e.g., "Calculations with fractions, Verbal

problems, Percentage and statistics," etc. The discriminating

power of each item was found by subtracting the proportion of

correct response') in a low scoring group (PSAT scores below 300)

from the proportion of msonses in a high scoeng group (PSAT

scores above 700). The item in each category with the highest

discriminating power was chosen, These items were then scored

on six sets of 100 answer sheets which had PSAT scores near

750, 650, 550, 450, 350, and 250. The most frequent score on

the ten items was found for each group. For example, a score

of 9 was the most frequent for those scoring 750; a score of 3

was most frequent for those scoring 450. Therefore, a score on

the ten item test was taken as an indication of the score on

the PSAT.

In each of these two examples the test provided in-

formation related to content, however, no information relating

to the mastery of specific skills was obtained. In the former

the score indicated a percentage of the word, in the latter

the score indicated the most frequent score , obtained for a given

group, but did not indicate what score a given individual would

obtain nor to what items that score pertained. Also, in refer-

ence to the latter of Ebel's examples, the items were chosen

to discriminate between scores of 700 and 300. The author

evidently assumed that these same items would have the best

discriminating powers for the other groups reported.
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B. Pro used Solutions for Inter retin S cif is Behaviors
from est cores

One solution to obtaining a criterion referenced test

whose score would indicate specific behaviors mastered by a

student would be a test whose items were sequentially scaled.

The items would be 30 arranged that once an individual missed

an item he would miss all subsequent items in the test. For

example, an individual obtaining a score of 8 would have answered

each of the first eight items correctly and none of the items

beyond 8 correctly; a student failing item 3 should fail all

subsequent items. According to Ebel:

It is possible to imagine a test which would
give highly consistent results across items and
across students when administered to a particular
group. Results would he called consistent if
success by a particular student on a particular
item practically guaranteed success on all other
items in the test which were easier for the group
than that item. Correspondingly, failure on a
particular item would almost guarantee failure
on all harder items if the student responses were
highly consistent.... Such tests can be imagined
but are seldom met with in 1,:scticeele

Two techniques relating to scaled tests are Loevinger's

"homogeneous tests"19 and Guttman's "scalogram analysis." 20

MEMIMMIMMININNIMMPIMMEMANME111111111111M11.1.10.0

18
Robert L. Ebel, Measuring Educational Achievement

(Englewood Cliffs: Prentice-Hai, Inc.T;10111714777m477-

19
Jane Loevinger, "A Systematic Approach to the

Construction and Evaluation of Tests of Ability," Ps cholo ical
Mono ra he, LXI (1947), No. 285; Jane Loevinger, "T e Tec n c
of Homogeneous Tests Compared with Some Aspects of 'Scale
Analysis' and Factor Analysis," Psychological Bulletin, XLV (1948),
pp. 507-29.

20
Louis Guttman, "A Basis for. Scaling Qualitative Data,"

American. Sociological Review, IX (1944), pp. 139-150;
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Loevinger defined "perfectly homogeneous tests" of ability

as tests "such that, if A's score is greater than B's score,

then A has more of some ability than B, and it is the same

ability for all individuals A and B who may be selected.
"21

She proposed a "coefficient of homogeneity," ranging in value

from zero to one, which is the ratio of the difference between

the variance of a given test and the variance of a "perfectly

heterogeneous test" with the same distribution of item dllti-

culties, to the difference between the variance of a per-

fectly homogeneous test with the same distribution of item

difficulties and the perfectly hetergeneous test:

Homogeneity (H1) = Vet Vhet

Vhom Vhet

A "perfectly heterogeneous" test is defined as a test "composed

of items each of which measures an ability independent of the

abilities measured by the other items."22

What Loevinger desired was a test which was consis-

tent with respect to the ability being measured. People who

obtained the same scores would have answered the same items.

Louis Guttman, "The Problem of Attitude and Opinion Measure-
ment," in Samuel A. Stouffer et al., Measurement and Predic-
tion (Vol IV of Studies in SoEraiPsyriology in Woad War
II. 4 vols.; PiEFEWEFE:Pariaton University Press, 1950),
pp. 46-59.

21Loevinger, "A Systematic Approach," p. 28.

22
Ibid.
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correctly. While being at different levels of difficulty,

the items of the test had to measure the same content that

defined the ability. Behavior could be inferred from test

score by applying one of Loevinaer's theorems, "When the items

of a perfectly homogeneous Lest are arranged in order of in-

creasing difficulty, every individual will pass all items up

to a certain point and fail all subsequent items."23

Of concern to Loevinger was whether the proposed

estimate of homogeneity was unbiased. Some evidence that the

estimate may be biased was provided by Carro11.24 Employing

random numbers and hypothetical individuals he found Loevinger's

coefficient "to be biased positively because of chance varia-

tions in item difficulties."25 To be homogeneous in the

Loevinger model the items should measure the same ability but

at varying levels of difficulty. Carroll, however, was able

to obtain a value as high as .32 for Loevinger's coefficient

of homogeneity with items varying in difficulty only by chance.

The Loevinger technique is limited, however, to tests

composed of items of the same content. In most tests of abil qty

23
Ibid.; Loevinger, "The Technic of Homogeneous Tests,"

p. 508.

24
John B. Carroll, "Criteria for the Evaluation of

Achievement Tests--from the Point of View of Their Internal
Statistics," Erp22941pst, 1950 Invitational Conference on
Testini Problem Princeton EducafiaiITeinng Service, 1951),
pp75-9§7-2-

25
Ibid., p. 97.



the content is likely to vary within the test.

The second technique, Guttman's "scalogram analysis"

does not require items of the same content. According to

Suchman:

It is also important to remember that scale
analysis should not be depended upon to determine
content. An item of differing content may fit
into the scale pattern of an area, while items
with homogeneous content need not scale.26

13

Edwards and Kilpatrick have also noted this characteristic of

scalogram analysis:

The merits of scale analysis, as a technique
for evaluatin 1 set of items, are obvious and
need no de ense. But scale analysis can be applied
to any set of items, regardless of how the set is
selected.27

Arising from problems in attitude scaling and opinion

polling, scalogram analysis attacks directly the problem of

determining behavior from score. As Guttman stated:

From a person's score we would then know
precisely to which problems he knows the answers
and to which he does not know the answer. Thus
a score of 2 does not mean simply that the person
got two questions right, but that he got two
particular questions right, namely, the first and
second. A person's behavior on the problems is
reproducible from his score.28

26
Edward A. Suchman, "The Scalogram Board Technique

for Scale Analysis,' in Samuel A. Stouffer et al., Measure-
ment and kredirtion (Vol. IV of Studies Social PiTablEgy
in World War II. 4 volse; Princeton: Princeton University
Preii779W, p. 119.

27
Allen L. Edwards and Franklin P. Kilpatrick, "Scale

Analysis and the Measurement of Social Attitudes," Euchomptrika,
XIII (1948), 109.

28
Guttman, "A Basis for Scaling," p. 143.
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Guttman further discussed the possibility of deter-

mining behavior frog scoste when he stated:

Scale analysis tests the hypothesis that a
group of people can be arranged in an internally
meaningful rank order with respect to an area
of /ualitative data. A rank order of people is
meaningful if, from the person's rank order, one
knows precisely his responses to each of the
questions or acts included in the scale.29

C. .........--E7beTechigE2512§15211912E211112Aie

Guttman defines a scale as each person's responses

being reproducible from his rank alone." The technique for

determining the existence of a scale involves essentially

two steps: (1) ranking the items from "most extreme" to

"least extreme," i.e., the item chosen or answered correctly

by the fewest people ("the most extreme") to the item chosen

or answered correctly by the most people ("the least extreme"))

and (2) ranking the individuals from lowest to highest on the

basis of total score. If a scale exists the resultant pattern

when correct and incorrect responses are tabulated will be a

parallalogram (or a triangle if only correct responses ai-e

recorded). 31 The following example will provide an illustration

MIMMIMMIIMMINOMMIIIIIIMMIIIIMMM11.111111.1111111111011101

29 Louis Guttman, "The Basis for Scalogram Analysis,"
in Stouffer et al., Measurement and Prediction, p. 88.

30 Ibid., p. 62.

31 Ibid., pp. 60-90.
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of the resultant patterns. Consider a five item test ad-

ministered to five p_Jple and found to be a perfect scale.

Figure 1 shows the parallelogram pattern when both correct

and incorrect responses are: recorded (X's).

ITEMS

Incorrect Correct

1 2 3 4 5 1 2 3 4 5

XXXXX
0 2 X XXXX
to 3 XX XXX
''`I XXX XX..I 5 XXXX X

FIGURE 1

PARALLELOGRAM PATTERN OF A PERFECT
FIVE ITEM SCALE

In discussing the rank ordering of individuals and

items from such & pattern Suchman said:

Such a rank order has the property of
permitting one to derive from the rank order the
exact characteristics of the individuals in that
rank since there is only one possible combination
of items for any single rank order. Furthermore,
the rank order has the quality that any indi-
viduals in a higher rank possess all the charac-
teristics of the individuals in a 4Rwer rank,
and at least one snore in addition."

The above description per_ains to a perfect scale,

that is, each individual's response to each item can be per-

fectly reproduced. Such perfect scales are usually not found

in practice, just as perfectly reliable tests are not found in

32
Edward A. Suchman, "The Logic of Scale Construction,"

Educational and Elysilololisell Measurement, X (1950), 90.
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practice. The degree to which the instrument approximates

a perfect scale is measured by a "coefficient of reproducibility."

The coefficient is defined as the "empirical relative fre-

quency with which values of the attributes do correspond to

intervals of a scale variable." 33
Thus, the coefficient

provides an indication of how well an individual's response

pattern can be reproduced knowing his total score. The value

of .90 was arbitrarily established as an acceptable lower limit

of the coefficient.

As described by Guttman in his original article34 and

again by Suchman in 1950,35 scalogram analysis was performed

by the use of scalogram boards. These are devices which,

through the use of balls and slats, permit the shifting of the

rank orders of individuals and items (or the combination of

categories for items with multiple categories) to cbtain the

best scale.

The use of scalogram boards has not always been feasible

however; the cost of the boards is prohibitive, they have a

fixed capacity, and have been termed cumbersome.36 In answer

33
Guttman, "The Basis for Scalogram Analysis," p. 89.

34
Guttman, "A Basis for Scaling," pp. 139-150.

35
Suchman, "The Scalogram Board Technique," in Stouffer

et al., Measurement and Prediction, pp. 91-121.

36
Wilfred A. Gibson, "A Simple Procedure for Rearranging

Matrices," Psychometrika, XVIII (1953), pp. 111-113; Leon
Festinger, "'The Treatment of Quid _tive Data by 'Scale Analysis,'
Psychological Bulletin, XLIV (194.)i, pp. 149-161.
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to such criticism Guttman devised a paper and pencil tch-

nique, the "Cornell Technique" to supplant the scalogrAm

boards.
37

The technique is applied to the data in the same

way as the boards, shifting the rank orders to obtain _he best

arrangement of items. In either case, whether applying scalo-

gram boards or the Cornell Technique, the reproducibility

coefficient is computed in the same manner: (1) errors are

tabulated by counting the number of responses occurring out-

side the cut-off points for each score; (2) the errors arc

divided by the total number of possible responses (number of

people x number of items), and (3) the obtained quotie is

subtracted from 1. 38

Reproducibility (R) " 1 Errors

No. Items x N

D. SELILILIATLIgAltiktialEjNIALVELE

The use of the reproducibility coefficient has been

criticized in the literature. Several authors have found the

coefficient to be arbitrary and to be affected by the diffi-

culty levels of the test items. The major objection is that

iiINIMIMMIIIMNOWNi.11101.1M10111.11110111111IMMIIIMINIMI116111110

37
Louis Guttman, "The Cornell Technique for Scale

and Intensity Analysis," Educational and Psychological
Measurement, VII (1947), pp. 247-215.

38
Guttman, "The Basis for Scalogram Analysis," in

Stouffer et al., Measurement and Prediction, p. 77.

1
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the reproducibility coefficient can be spuriously high be-

cause of with extreme marginal frequencies. 39
Guttman

was aware of the effect of extreme marginal: on the repro-

cibility coefficient, however, and never stated that a hilh

reproducibility coefficient was the criterion for scalability.

"Reproducibility by itself is not a sufficient test of

scalability. It is the principal test, but there are at least

four other features that should be taken into account...."
40

The four additional criteria which are employed to in-

sure against spurious reproducibility are: (1) The number

of items in the test should exceed 10. (2) The more categories

that could remain uncombined, the more credible the inference

of scalability; this criterion does not apply to dichotomous

items. (3) The marginal distributions should contain as wide

a range as possible, but with few extreme marginals. In the

case of dichotomous items an extreme marginal would be a

category chosen by 80% or more of the individuals. The repro-

ducibility of an item can never be less than the frequency

..1101Mill.111MINIMI111MINAIN

39
Festinger, "The Treatment of Qualitative Data,"

pp. 149-161; H. J. Eysenck and S. Crown, "An Experimental
Study in Opinion-Attitude Methodology," International
Journal of 0 inion and Attitude Research, III (1949), pp.47-
86; H. J. Eysenc 145isualiat an Prediction; A Discussion
of Volume IV of Studies in Social Psychology in World War
II: I.," International Journal of Opinion and Attitude
Research, WITOIT7151-57 VT= r677 Benjamin W.-WHIEW716371i
Niifi7wkeasurement of Reproducibility," Psycholglial
Bulletin, UV (1957), pp. 81-99.

40
Guttman, "The Basis for Scalogram Analysis," p. 78.
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of the most frequently chosen category. (4) The errors

should not fall into a pattern, i.e., there should not be a

series of persons, all having identical errors.41

A single criterion to evaluate the spuriousness of

the reproducibility coefficipnt has been suggested by Menze1.42

He developed a "coefficient of scalability" having the fol-

lowing advantages: (1) it provides a safeguard against

spuriousness without relying on extraneous rules, (2) it does

not introduce the judgment of the investigator in applying a

rule, and (3) it permits analysis of scalograms that had to

be rejected because of extreme marginals. The coefficient may,

therefore, show that high scalability exists in spite of ex-

treme marginals.

The coefficient is computed by (1) obtaining the errors

as in the computation of the reproducibility coefficient, (2)

for dichotomous items--summing the non-modal marginal fre-

quencies for items and for individuals, and taking the smaller

of the two scores, and (3) dividing the errors by the sum ob-

tained in step 2, and subtracting the resultant quotient from

1, A minimum value of .65 was established as the criterion for

401=SINIMRMENIMM71.1,11MMIIMMI

41
Guttman, "The Basis for Scalogram Analysis," pp. 78-80.

42
Herbert Menzel, "A New Coefficient for Scalogram

Analysis," Public 2pinion QuarterlZ, XVII (1953), pp. 268-280.



20

scalability. Among those who have recommended and employed

the coefficient of scalability in conjunction with the repro-

ducibility coefficient are Auld, Eron, and Laffal; Lesser;

and Pearson.
43

Not meeting the criteria for scalability in scalo-

gram analysis should not be interpreted as showing the non-

existence of a scale according to Eysenck and Crown. "Ultimately

we shall achieve the position of the physicist whose scales

show approximately 100% reproducibility, (but) there is little

to be gained by decrying the very real usefulness of many of

our own present-day scales." 44
In essence these authors are

arguing for use of less reproducible scales, but not arguing

against highly reproducible scales.

Continuing the criticisms of the reproducibility

coefficienti the reason for using the reproducibility coef-

ficient was questioned by Davis when he stated, "We compute

a reproducibility coefficient not because we have any real

desire to reproduce response patterns from scale scores but,

43 Frank Auld, Jr., L. A. Eron, and J. Laffal,
"Application of Guttman's Scaling Method to the T. A. T.,"
Educational and Esxcholo ical Measurement, XV (1955), pp. 422-435;
diardU77Cesser,' pp cat on of Guttman's Scaling Method to
Aggressive Fantasy in Children," Educational and Psychological
Measurement, XVII (1.58) pp. 543::33Tirtrrg. Pearson,
"Pius Percentage Ratio and the Coefficient of Scalability,"
Public Opinion guais., XXI (1957), pp. 379-380.

44
Eysenck and Crown, 2E. cit., p. 66.
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rather, because we hope that it is an index of certain mea-

surement properties."45 Contrary to Davis' assumptions, however,

reproducing responses from scores is y'oal established in

the present study.

Smith disclaims the notion of reproducibility in

testing for the existence of itay. scale. He reached this con-

clusion because he obtained two group factors on factor-

analyzing the data reported by Guttman in the 1947 article

concerning the Cornell Technique. According to Guttman only

one factor should have been found. 46 Guttman's reply was that

Smith's "numerical work cannot be anything but pure nonsense."47

Guttman showed that Smith reported perfect correlationa between

items 2 and 4, and between items 3 and 5, yet 2 correlated

differently with the other items than 4, and 3 correlated

differently with the other items than 5. Smith's matrix was

non-Gramian and as a result could not be factored by the

Thurstone Technique which he employed.

In addition to the coefficient of reproducibility, other

aspects of scalogram analysis have been subjected to criticism.

The determination o cut-off points for scores has been found

45
James A. Davis, "On Criteria for Scale Relationships,"

American Journal of Socioley, LXII (1958)0 374.

46
R. G. Smith, Jr.,"Randomness of Error' in Repro-

ducible Scales," Educational and Paychological Measurement,
XI (1951), pp. 58774§77--------m

47
Louis Guttman, "On Smith's Paper on 'Randomness

of Error' in Reproducible Scales," Educational and psychological
Measurement, XIII (1953), 507.
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by some authors to be arbitrary and difficult.48 Their

criticisms have pertained to attitude scales having items

with three or more response categories. In an achievement test

having dichotomous items, where the desire is to infer behavior

from score, the various scores would determine the cut-off

points. Theoretically an individual should answer items to a

certain point and then stop. Therefore, a score of 4 would

cut off the first four items, etc. As a result, the above

criticisms would not apply.

Contrary to the above example, opinions have been

expressed that individuals do not usually answer items up to a

certain point and then stop. Rather, a gradual transition

from correct to incorrect has been suggested. brown, Bartelme,

and Cox proposed that "the score of the individual is then at

that point on the scale at which the average deviation of the

right items above it equals the average deviation of the wrong

items below it."
49 The authors based their conclusions on

48 K. E. Clark and P. H. Kriedt, "An Application of
Guttman's New Scaling Techniques to an Attitude Questionnaire,"
Educational and psychological Measurement, VIII (1948), pp. 215 -
223; Allen L. Edwards, "On Guttman's SdiTe Analysis," Educational
and Psycholo ical Measurement, VIII (1948), pp. 313-31115Wir--
F. Borgatta and Davi& G. Hays, "Some Limitations on the Arbitrary
Classification of Non-Scale Response Patterns in a Guttman Scale,"
Public Opinion Quarterly, XVI (1952), pp. 410-416.

49 C. W. Brown, P. Bartelme, and G. M. Cox, "The Scoring
of Individual Performance on Tests Scaled According to the Theory
of Absolute Scaling," Journal of Educational Psychology, XXIV
(1933), 655,
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results obtained from the n^a40/1 221T12 02t0: Seht1Z1Z0 Glaser

hypothesized that on certain tests mer..suring one dimensior, when

the test items are ordered in terms of their scale position,

there is a region of transition from positive to negative

responses.
50

He further hypothesized that the distribution of

inconsistent responses in this region is approximately normal.

Glaser analyzed the following tests: The Faunt-Schorling Test

Test of Functional Thinkins. in Mathematics, the Differential

Aptitude Space Relations Test, and a vocabulary test composed

of items from the Stanford-Binet, Wechsler-Bellevue, Wide Range,

and Columbia Vocabulary tests. Each test was composed of 80

items. The results showed the distribution for the vocabulary

test to be approximately normal. The distributions for the

mathematics and space relation tests were truncated. Glaser

attributed the truncated distribution to the restricted range

of test items. 51
If more items at higher levels of difficulty

could have been added the distribution of responses might well

have approximated normality.

The results should be interpreted in the light of the

type of test employed in each of the above studies. All tests

50 Robert Glaser, "Multiple Operation Measurement,"
Ps cholo ical Review, LVII (1950) pp. 241-253; Robert Glaser,
The Application of the Concepts of Multiple-Operation Measurement
to the Response Patterns on Psychological Tests," Educational
and Psychological Measurement, XI (1951), pp. 372-382.

51
Glaser, "The Application of the Concepts," p. 375.
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were published tests which were not constructed to yield scores

from which behavior could be inferred. In addition, the range

of gradual transition from pass to fail could well be attributed

to very gradual transitions in item difficulties accompanied

by a large number of items at each difficulty level. It could

be hypothesized that as the number of items increases, and the

steps between item difficulties becomes more gradual, the dis-

tribution of inconsistent responses would approach normality.

The studies cited above lend some support for this. The opposite

could also be hypothesized, i.e., with a decreasing number of

items and with more discrete steps between difficulties, the

distribution of inconsistencies would depart from normality.

The truncated distributions obtained by Glaser offer some evi-

dence in support of this. Carrying the latter hypothesis to

its extreme, it could be hypothesized that at some point indi-

viduals would no longer have inconsistent responses but would

answer items to a certain point and then stop. It is this type

of test that is suggested in the present study, and scalogram

analysis is suggested as a technique to yield such a test.

Scalogram analysis has also been criticized by some as

inadequate for the selection of items. 52 The reply to these

52
Edwards, "On Guttman's.Scale Analysis," pp. 313-318;

Edwards and Kilpatrick, "Scale Analysis," pp. 99-114; Allen
L. Edwards and Franklin P. Kilpatrick, "A Technique for the
Construction of Attitude Scales," Journal of Applied
Psychology, XXXII (1948), pp. 374-1W P. H. Kriedt and
K. E. Clark "'Item Analysis' Versus 'Scale Analysis,'"
Journal of Applied psychology, XXXII (1949), pp. 114-121.



findings is 6Amply that scalogram analysis is not an item

selection technique. As Guttman states, "We have continually

stressed that items are to be selected before any statistical

analysis is performed, and are not to be rejected because of

any statistical analysis.... Scale analysis is not a technique

for item selection and rejection, but rather for studying the

53structure of a universe "

For Guttman, the universe "is the concept whose

scalability is being investigated, such as marital adjustment,

opinion of British fighting ability, knowledge of arithmetic,

etc. The universe consists of all the attributes that define

the concept." 54 One aspect of the theory of scalogram analysis

is that from a sample of items comprising the scale "inferences

can be drawn concerning the complete distribution of the uni-

verse for the population.... The hypothesis that the complete

distribution is scalable can be adequately tested with a sample

distribution."55 Criticisms of this aspect seem, to this in-

vestigator, to be warranted. It would appear that while a sample

,,MMNIIMMMMINiNfala

53 Louis Guttman, "Measurement and Prediction; a Dis-
cussion of Vol. IV of Studies in Social Psychology in World War
II: II. Scale Analysis, Factor Analysis, and Dr. Eysenck,"
International Journal of Opinion and Attitude Research, V (1951),
112.

54 Guttman, "The Bas3.s for Scalogram Analysis," in
Stouffer et al., Measurement and Prediction, p. 80.

55 Ibid., p. 89.
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of items could well be scaled, as for example, in the following

3 item test:

2 + 2 is AFT m (2xdx =

the conclusion that the universe of mathematics is scalable is

not tenable. Many skills in mathematics depend on the order

taught; many skills are parallel, being of the same difficulty.

Schuessler argued that the sample results are both a function

of the way the universe is defined by the investigator and the

manner in which the items are chosen from a field of content

defining the topic." This implies that conclusions concerning

the scalability of a universe may be restricted to a given

investigator's version.

Further criticism of this aspect of scalogram analysis

was provided by Torgerson57 and Campbell and Kerckhoff. 58

Each warned against generalizing to the universe from a sample.

Campbell and Kerckhoff stated that the proposition, "If a

universe is scalable any sample selected from the universe will

be scalable," is not identical to the proposition, "If a sample

56 Karl Schuessler, "Item Selection in Scale Analysis,"
American Sociological Review, XVII (1952), pp. 183-192.

57 Warren S. Torgerson, Theory and Methods, of Scaling.
(New York: John Wiley & Sons, ITC.719nr.

58 Ernest Q. Campbell and Alan C. Kerckhoili "A
Critique of the Concept 'Universe of Attributes," Public
Opinion Quarterly, XXI (1957), pp. 295-303.
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is scalable the universe from which the sample is selected

is scalable.° The authors suggested that if the latter

proposition is warranted any other items from the same uni-

verse should also scale with the original set. They reported,

however, that judges have not been consistent in making these

additional selections, but, unfortunately, no empirical

evidence was provided.

The above criticisms are concerned, however, with

relating a sample to the universe, not with scaling a sample

of items by applying the scalogram technique. A test is

considered as being compoied of a sample of items representing

the population of possible items pertaining to a given area.

The proposed study is to determine if a test hill scale, if the

test will yield a score from which behavior can be inferred.

If the Guttman scalogram technique can be applied to achieve-

ment testing in order to obtain such scores, the ensuing con-

clusions will be concerned with the mple of items, the test,

not to the universe represented by the sample of items.

E. Applications of Scalogram Analysis

The application of scalogram analysis to achievement

testing has been suggest by Guttman on several occasions.

"Scale analysis is applicable much more widely than to attitudes.

For example, it is useful for mental tests and examinations."59

59
Louis Guttman, "The Principal Components of Scalable

Attitudes," Mathematical Thinking in the Social Sciences, Paul
F. Lazarsfela7iaiTOr (lencoe, Illinois Free Fiiii71954), p.
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He also described its use "with large classes of behavior

like achievement tests."" "For achievement tests, where all

items are dichotomous--being marked either right or wrong --

the Cornell technique is perhaps the best of all to be used. "61

While Guttman has suggested that scalogram analysis be

applied to achievement testing it has been employed almost

entirely in other areas. The most widespread application has

been in the areas of opinion and attitude measurement. In

Volume IV, Studies in Social Psychology in World War

Guttman refers to at least seven different studies related to

various attitudes of soldiers during the Second World War.

Among the many attitude studies reported in the literature, a

brief list includes: (1) Niven's comparison of the Cornell

Technique and the Reciprocal Averages technique to the attitudes

of manufacturing supervisors, 62
(2) an investigation of atti-

tude toward economic liberalism--conservatism, 63
(3) opinion

toward science, 64
(4) attitudes toward negroes, 65

(5) the

60
Guttman, "The Basis for Scalogram Analysis," in

Stouffer et al., Measurement and Prediction, p. 61.

61
Louis Guttman, "On Festinger's Evaluation of Scale

Analysis," Psychological Bulletin, XLIV (1947), 458.

62
Darold R. Niven, "A Comparison of Two Attitude

Scaling Techniques," Educational and Elasp,ological Measurement,
XIII (1953), pp. 65-717----

63
Clark and Kriedt, 2E. cit., pp. 215-223.

64
Edwards and Kilpatrick, se. cit., pp. 374-384.

65
Kriedt and Clark, 2E. cit., pp. 114-121.
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development of an attitude scale on anti semitism, 66
(6) the

scaling of interview responses bearing on the favorability

of attitude toward marriage, 67 and (7) Dodd's application to

opinion polls in general. 68

Other areas have also utilized application of the

Guttman technique. Its successful application to preJjective

techniques has been shown by Auld, Eron, and Laff,R169 and

Lesser. 70
Auld, et al., applied scalogram analysis to themes

from four selected pictures of the Thematic Ptatmatlyn Test

given to 100 sailors attending submarine school. While the

authors did not succeed in constructing a scale of aggression,

they did succeed in constructing a scale of sexual motivation.

Lesser applied the scaling procedure to the fantasy aggression

responses of a sample of pre-adolescent boys. Again the cri-

teria for scalability were met.

kkMII1111Naw
66
Eysenck and Crown, "An Experimental Study," pp. 47-86.

67
Robert McGinnis, "Scaling Interview Data," American

Sociological Review, XVIII (19531, pp. 514-521.

68
C. Dodd, "A Simple Test for Predicting Opinions

from Their Subclasses," International Journal of Opinion and
Attitude Research, II (1P1717-1-5.pp

69
Auld, Eron, and Laffal, "Application of Guttman's

Scaling to the T.A.T.," pp. 422-435.

70
Lesser, "Application of Guttman's Scaling Method

to Aggressive Fantasy," pp. 543 -551.
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In addition to projective techniques, scalogram analysis

has had application in other diversified areas. Riley et al.,

used the techniques to scale groups and objects of group

action.
71

For example, in a group certain pairs talk of movies,

others of movies and petting, but no groups talk of petting

alone. Movies and petting were scaled on the degree of in-

timacy which they represented as subjects for conversation. The

application of scale analysis to the scaling of objects was also

reported by Abell. 72
Through the use of questionnaire items

dealing with homemaking practice, Abell found that foods served,

use of preservatives, and vegetables grown were scaled.

Kofsky fouud tasks involving the classification of

objects to be scaled for children of ages four to nine. 73 The

classification schemes were based on the developmental se-

quence of cognitive skills hypothesized by Piaget. The se-

quence essentially involved first, sorting two objects according

to a common feature, then, three or more objects were sorted

by a common feature, next, the concepts "some" or "all" were

introduced, then, objects were classified into more than on

group, and, finally, subsets and combinations of subsets were

sorted.

71
Matilda W. Riley et al., Social .cal Studies in

Scale Anal rsis (New BrunswicE7 Rutgers Univers ty Press,T954).
cites y Freaeric Lord, "Scaling," Review of Educational Research,
XXIV (1954), pp. 375-92.

72 Helen C. Abell, "The Use of Scale Analysis in a Study
of Differential Adoption of Homemaking Practices, Rural Sociology,
XVII (1952), pp. 161-167.

73 Ellin Kofsky, "Developmental Scalogram Analysis of
Classificatory Behavior," Dissertation Abstracts, XXIV (1963),
2576.



Rater observations were employed to scale a check

list for technical skills in Naval electronics. 74 The skills

were ordered as to amount of inservice training required. The

results indicated that the check list of technical skills was

scalable. Similarly, a list of behaviors was found to be

scalable by Scott in applying scalogram analysis in the investi-

gation of delinquent behavior.75 The list was obtained from

a questionnaire covering offenses such as stealing. The res-

pondents were asked to indicate the frequency with which they

had committed each type of offense.

While Guttman had suggested its use for achievement

testing, the evidence of application of the technique in this

area has been fragmentary. Postove employed scalogram analysis

in the development of a speechreading test.
76

She presented

to adults a silent film which contained 99 conversational

sentences, the subjects being required to lip read. Scalogram

analysis was used to obtain 16 sentences which were reported

to be scaled. The results are questionable, however, for no

evidence such as a reproducibility coefficient is supplied.

74 Arthur I. Siegel and Douglas G. Schultz, "Thurstone
and Guttman Scaling of Job Related Technical Skills,"
Psychological Reports, X (1962), pp. 855-861.

75 John Finley Scott, "Two Dimensions of Delinquent
Behavior," American. Sociological Review, XXIV (1959), pp. 240-243.

76 Mary Jane Postove, "Selection of Items for a Speech-
Reading Test by Means of Scalogram Analysis," Journal of §peech
and Hearing Disorders, XXVII (1962), pp. 71-75.



In addition Postove used scalogram analysis to select items

from an item pool, a procedure contrary to Guttman's recom-

mendations. The resultant 16 item scale was never administered,

as such, to the group. Coughenour and Christiansen developed a

test of farmers knowledge of old-age and survivors' insurance. 77

The multiple choice items pertained to distinctive features

of the insurance and to matters of importance for farmers'

participation in the group. The test was administered as an

interview, and the obtained reproducibility coefficient furnished

evidence for scalability.

Neither of the above studies, however, dealt with the

application of Guttman's technique to tests employed in assessing

achievement of school children. The only rtudy, to this

investigator's knowledge, which related to the use of scrlo-

gram analysis with classroom achievement tests was by Bligh.78

He applied the technique to the Paragraph Meaning, Study Skills,

and Arithmetic Computation subtexts of the Stanford Achievement

Battery, Advanced Form J. The initial results did not warrant

the acceptance of the tests as scaled; the reproducibility

coefficients did not reach .80. The tests were refined by

selecting items which maximized the ratios of the sums of all

the covnriances to the variances of the tests. The revised

tests were administered to two new samples, but the obtained

.1.wol.11M11=1111111.1001M11.1.061=1101111MM0

77 C. M. Coughenour and J. R. Christiansen, "Farmers'
Knowledge: An Appraisal of Stouffer's Hu Technique," Rural
Sociology, XXIII (1958), pp. 253-262.

78 Harold F. nigh, "Empirical Investigation of Methods
of Scaling Achievement Tests Based on Interelationship of Items,"
Dissertation Abstracts, XIX (1958), pp. 2648- -2649.
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reprcAucibility coefficients still did not reach the minimum

acceptable value of .90 (the range wan .818 - .872). Because

of the magnitude of these coefficients, however, Bligh suggested

the value of further investigation of Jcalability in achieve-

ment testing.

To this investigator's knowledge no other studies

concerning the applicability of scalogram analysis to achieve-

ment testing have been reported in the literature. With in-

creasing demand for criterion-referenced measures comparing an

individual's performance to an absolute standard independent of

reference to the performance of others, the feasibility of applying

this technique, in order to obtain scaled scores, should be

determined. The results of a pilot study are encouraging. 79

Tne study involved the construction of a test in addition of

whole numbers, covering concepts typically taught during early

elementary education. The authors identified the objectives

to be tested by, first, determining the terminal objective,

then, working backwards by using as a guide the question:

What skills were mastered previously in order to master this

objective? A Us_ cf fifteen objectives and sample items was

developed (See Appendix A),

79
Glenn T. Graham and Richard C. Cox, "An Attempt

to Determine the Scalability of an Elementary Math Achievement
Test" (Paper read at the Pennsylvania Educational Research
Association conference, Pittsburgh, Pennsylvania, April, 1965).
(Mimeographed); Richard C. Cox and Glenn T. Graham, "The
Development of a Sequentially Scaled Achievement Test" (Paper
read at the 50th Annual Meeting of the American Educational
Research Association, Chicago, Illinois, February 17, 1966).
(Mimeographed.)
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From two to five items were constructed for each

objective. This resulted in a problem, however, for the test

would undoubtedly not scale with more than one item pertaining

to each objective. Rather, the test would be of the previously

mentioned form discussed by Brown, et al., and Glaser, a test

having a region of inconsistent responses. As a solution, each

of the items corresponding to a particular objective were com-

bined to form one "contrived item."

As an example, consider the three items:

20 36 54
+11 +42 +33

These items would comprise one "contrived item" testing

objective 8 on the list in Appendix A. Such a procedure of forming

"contrived items" has been employed by Stouffer, Borgatta, Hays

and Henry.
80

However, these authors formed the "contrived items"

after the initial scale analysiE as an aid to establishing cut-

off points. In Lox and Graham's study, the "contrived items"

were formed before the analysis, the cut-off points being

determined exclusively by total score.

In order to obtain a substantial range of ability levels

Cox and Graham administered the test to a kindergarten, first,

and second grade. The students were then ranked according to

total score, possible scores ranging from 0 to 15, with a

contrived item considered as "passed" if two-thirds of the

items comparing it were answered correctly. Inspection of the

wroorromoNomriOlirmorrlo....MMININI

80 Samuel A. Stouffer et al., "A Technique for
Improving Cumulativq Scales," Pubirc Opinion Quarterly, XVI
(1952), pp. 273-291,
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resultant response pattern indicated that some of the

contrived items were not in ',toper order. With elimination

of three contrived items, one because of its dependence on a

specific curriculum and two because of ambiguous directions,

and with the rearrangement of the remaining twelve contrived

items a reproducibility of .977 was obtained. In order to

insure against spuriously high reproducibility, Menzel's

coefficient of scalability was also calculated, and equalled

.902.

In order to validate these preliminary results, the

revised test was administered to different kindergarten, first,

and second grade children. The analysis of their score patterns

yielded a reproducibility coefficient of .970 and a coefficient

of scalability of .792. The authors concluded that it was

indeed possible to apply Guttman's scalogram analysis to obtain

a scaled achievement test. The results, while tempered by

the test's being based on a restricted area of subject matter,

are encouraging for further investigation.

P. Ar,...21iy.ofortlethOdolScaledfaSeuer
Achievement Test

While the above study focused on the applicability of

scalogram analysis to achievement testing, a methodology in-

corporating scalogram analysis for constructing scaled tests was

concomitantly being implied. The methodology gleaned from the

pilot study essentially consist: of:

1. Selection of behavioral objectives in the curriculum

which appear, logically, to be baquenced.
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Identification of terminal objective.

b. Employment of question, "What skills must

have been learned previously?", as a guide

for selection of subsequent objectives.

2. Construction of items corresponding to each

objective.

3. Combination of the items into one "contrived item."

4. Establishment of a criterion for passing each

contrived item.

5. Administration and scoring of the test.

6. Application of Guttman 'scalogram analysis"

technique including computation of the reproducibility coefficient.

7. Computation of Menzel's "coefficient of scalability"

to insure against a spuriously high reproducibility coefficient.

While successfully applied to a restricted area, further

investigation of the applicability of the above methodology to

a wider range of content and corresponding behavioral objectives

should be attempted.

G. Evaluation ok Sequentially Scaled Achievement Tests

A methodology for construction is, however, only one

aspect of test development. Another important aspect of the

development of such a test is the assessment of the test in

terms of the typical evaluation procedures. Evaluation pro-

cedures commonly applied to standardized tests employed in the

schools concern the areas of reliability, validity, and item

analysis. Investigation of these evaluation procedures as they

apply to scaled tests, has not, to this investigator's knowledge,



been attempted. There is some evidence, however, that there

are differences in evaluation procedures for norm-referenced

and criterion-referenced tests, of which scaled tests are a

variety. Such evidence has been reported by Cox and Vargas

concerning item analysis procedures.81

Cox and Vargas investigated the effect of employing

differential item selection techniques to identify items which

discriminated according to the requirements of norm and cri-

terion-referenced tests. For their particular criterion-

referenced situation the best item would be one which was

failed before training and passed afterwards. The usual norm-

referenced item analysis procedures yield items which discri-

minate between high and low scorers after training. The authors

cited an extreme example: a perfectly discriminating item for

the criterion-referenced test would be one failed by all on a

pretest and passed by all on a posttest. Such an item would be

rejected by the norm-referenced technique at either the pretest

or posttest level because it makes no discriminations among high

and low scorers, being answered alike by all persons.

The authors suggested a difference index based on dis-

criminations made between pre and posttest groups. They' com-

pared this index to the standard upper 27% - lower 27% index

computed for items on each of two arithmetic tests given as

81
Richard C. Cox and Julie S. Vargas, "A Comparison

of Item Selection Techniques for Norm-Referenced and Criterion-
Referenced Tests" (Paper read at the Annual Meeting of the National
Council on Measurement in Education, Chicago, Illinois, February
17, 1966). (Mimeographed.)
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pre and posttests in an individualized instruction program.

Cox and Vargas indicated that if a final test consisted of the

best two-thirds of the items selected by either procedure,

approximately seventy-five percent to eighty percent of the

items would be the same in each case. The authors noted,

however, that some items net discriminating between pre and

posttest groups would be retained by the upper-lower 27%

procedure while some of the best discriminating items between

pre and posttests groups would be discarded.

While the above study was not specifically concerned

with scaled tests, it did concern the area of criterion-

referenced measurement which includes scaled tests. The re-

sults of the study suggest that how a test is to be employed

or constructed will be a determining factor for the type of

item analysis procedure required. These results support the

conclusion of Husek who stated. "Unfortunately there is no

evidence to demonstrate that (test) items which would be most

useful for one purpose are very useful for another purpose. "82

Therefore, a test that is to be scaled may well require dif-

ferent item analysis procedures from a norm-referenced test.

Reliability and validity may be suspect for the same reasons.

Since scaled tests of achievement have not, to this investi-

gator's knowledge, been discussed in the literature, no

82
T. R. Husek, "Different Kinds of Evaluation and

Their Implications for Test Development" (Paper read at the 50th
Annual Meeting of the American Educational Research Association,
Chicago, Illinois, February 19, 1966), p. 3. (Mimeographed.)
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information regarding the characteristics of the reliability

and validity of scaled tests is available. Such information

should be obtained, for if the development of a scaled test is

to be thorough, both construction methodology and evaluation

procedures should be discussed.

H. Summary

With the development of individualized instruction and

similar educational innovations, criterion-referenced measures

are in increased demand. With students being compared Lo ab-

solute standards as criteria, what specific behaviors a student

has mastered as well as how much he has mastered are desired

kinds of information to be obta.ned from the test. Similar to

norm-referenced test raw scores, criterion-referenced test raw

scores have, to date, supplied most information regarding the

latter (how much) and very little information regarding the

former.

One solution to the problem of interpreting from a

test raw score what specific behaviors a student has mastered

would be a test whose items were sequentially scaled. A test

so constructed could have the characteristic that an individual

would pass items to a certain point. Once failing an item, he

would fail all subsequent items. Therefore, a score of 4 would

mean items 1, 2, 3 and 4 were passed and all other items failed.

A technique which yields tests of this type is

Guttman's "scalogram analysis." While developed as a tool for

attitude and opinion investigation, Guttman has suggested the

use of the technique in the construction of achievement tests.
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To date, however, scalogram analysis has been applied to most

everything but achievement testing. In many studies the tech-

nique has yielded a sequentially scaled measuring instrument.

If the same results could be obtained or achievement tests

their scores would provide information indicating what specific

behaviors the student has or has not mastered. AA investigation

of the applicability of Guttman's st772 ogram analysis to achieve-

ment testing is needed.

Encouraging results were obtained from a pilot study

concerning the development of a sequentially scaled achievement

test in the addition of whole numbers. Also from the pilot

study, a methodology incorporating scalogram analysis was suggested

for the construction of scaled achieve-ent tests. Further in-

vestigation applying the methodology to e wider range of skills

and objectives seems warranted.

In addition to methodology for contraction, another

important aspect of the test development process concerns

evaluation. The evaluation procedures typically applied in the

development of standardized achieve mint tests (norm-referenced

measures) are in the areas of reliability, validity, and item

analysis. With the exception of some evidence tiat criterion-

referenced measures may require different item analysis pro-

cedures from norm - referenced measure ti, no evidence is available

concerning the comparability of the

scaled tests as opposed to standa rd tests,, To Lhorough

ion ro lures for

the development of the scaled tee 6

construction methodology and eval_J_ lure



III. STATEt t T or THE PROBLEM

The purpose of this study is to apply a methodology,

incorporating Guttman's "scalogram analysis," for the construc-

tion of sequentially scaled achievement tests, and to develop

evaluation procedures concerning the reliability, validity, and

item analysis of the obtained tests.



IV. PROCEDURE

Application of the methodology for the construction

of sequentially scaled tests was attempted in five areas

of arithmetic achievement: addition, subtraction, numeration,

time telling, and concepts in money. The behavioral objectives

selected for this study pertained to skills taught in grades

one through three. (See Appendix B f-- a listin_T of objectives

for each test.) The sample of students was obtained from

two schools in the Baldwin-Whitehall district of suburban

Pittsburgh. One school, Sickman Elementary School, provided

a sample of "conventional" classroom instruction; the other,

Oakleaf Elementary School provided a sample of individualized

instruction. All five tests were administered to both

schools.

The directions for each of the items were read to

the students, and ample time was provided for the student

to attempt all items. The scoring criterion employed was

that two-thirds of the items had to be answered correctly in

order to pass a contrived item. Where only one or two items

composed a contrived item, both had to be answered correctly.

The scalogram analysis procedures were applied (1) to the

separate test results for each school to provide evidence

for test scalability for the Individual schools, and (2) to

the combined test results from both schools to provide an over-

' indic tion of the e ts' scalability. To take into

acconnt spuriousness in the reproducibility coefficients,

Menzel coefficients of scalability were also icalculated,
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Following the application of the methodology for the

construction of the sequentially scaled tests, evaluation

was attempted in the areas of reliability, validity, and item

analysis.

In considering the reliability of the scaled tests

certain methods commonly employed in evaluating achievement

tents were considered. One of these methods concerned the

equivalence of alternate forms of a test, but this procedure

was deemed inappropriate for the present investigation. The

purpose of the present investigation was to attempt to

develop a scaled test in each of five selected areas of

arithmetic. If the methodology were successful in pro-

ducing scales, then whenever alternate forms of the scales

were desired, the equivalence of alternate forms procedure

could be applied. Such a procedure provided no information

concerning the sealability of the tests, for it is possible

to obtain a high alternate forms coefficient whether a test is

scaled or not.

Other reliability procedures concern the stability

of a test. Typically a measure of stability, test-retest

reliability, is obtained by correlating the scores from two

administrations of a test, the second administration follow-

ing an iaterval of time. The circumstances surrounding the

UE w the scaled tests were administered prevented any

att

d

apply the test-retest procedure. Since the

had to b admini od at th Ad of

tre.4 to -oincidc he tyce- tan devemer

this pot of pm e is ditictied(7_

A

S

chiy,1
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chapter), no time remained for retesting. An approximation

to test-retest reliability was obtained, however, by employing

the split-half reliability procedure. While providing an

indication of the stability of the pupils' scores, such a

procedure did contain some possible contaminating factors.

According to Guilford and Ebel such a procedure functions

best Then the items of a test are of equal difficulty. 83
The

scaled tests, however, were purposely constructed to have

items of unequal difficulty. Further, because of the restrict

ed score ranges for the scaled tests following the even-odd

split, the largest range being eight, the coefficients would

probably be underestimated.

In addition to the split-half procedure, stability

for the scaled tests was viewed in another perspective.

Rather than stability over time, a measure of the stability

of the scale between groups was considered, i.e., did the test

scale for more than one sample, and, if so, was the ordering

of the items stable between the groups?

The rationale for determining the stability of the

item orders between groups was as follows: if an order of

items is established as scaled for a given group, and i.f that

obtained scale is administered to another group for the

purpose of inferring behavior from total score, the order of

the items should be the same for the latter group as it

83
J. P. Guilford, Fundamental Statistics in Ps cho o

and Education (third editio377WWWEECMcGraw-HiTT Boo
eatigarrInr), p, 456; Robert L. Ebel, Measuring Educational
Achievement (Englewood Cliffs* New Jersey: PrenticeSF:7MM p. 343.
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was for the former. Such a measure was obtained in the

present investigation. The item orders for the scaled tests

administered to the Oakleaf and Sickman pupils respectively,

were obtained. These obtained orders were tested for sta-

bility with the Spearman, Rho, correlation for rank

differences.

Similarly, an order of items should remain internally

stable for a particular group. That is subsamples should

maintain the same item orderings as the original sample if

behavior inferences from total score are to be accurate.

An assessment of this type of stability was also obtained.

Two groups of fifty pupils each were randomly selected from

each of the testa based on the combined sample from Oakleaf

and Sickman. The tests of the two groups were then subjected

to the scaling methodology, separately. The obtained item

orders for the two groups were then tested for stability

with the Spearman, Rho, correlation.

Thy above stability procedures differ from the

traditional approach to reliability. While the traditional

reliability procedures attempt to evaluate the consistency

of test scores, the stability procedures attempt to evaluate

consistency of item orders.

The next evaluation of the scaled tests concerned

validity. Because of a multitude of types of validity, an

enumeration and discussion 3f all types will not be presented.

Rather, the present study will be limited to discussing the

desired outcomes of the scaled tests and how each of these

criteria were evaluated.
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The scaled tests were designed to represent skills

in five areas Addition, Subtractio,,, Numeration, Time Telling,

and Concepts in Money. Tyler stated that one criterion for

,-A.idity is how clearly the objectives have been defined, and

how well the items represent the objectives. 84 While

validity in this sense cannot be expmJsed in terms of some

coefficient, this criterion way employed in the formulation

of the objectives and construction of the items. The

objectives were defined by employing three criteria suggested

by Lindvall :85

1. The objective should be stated in terms of the

pupil.

2. The objectives should be stated in terms of

observable behavior.

3. The statement of an objective should refer to

t le behavior or process and to the specific content to

which this is to be applied.

The items were constructed directly from the obtained ob-

jectives.

The scaled tests were also designed to provide

scores from which behavior could be inferred. A measure

......14111111111M111M=1110111111MMIIIMIIMMIIIIMEMEMMWMIlia.

84 Ralph W. Tyler, "The Development of Instruments for
Assessing Educational Progress," Proceeding of the 1965
Invitational Conference on Testingiorob ems (Planct on
WaTIZEIT-IiifiriWalFet 1966)0 p. 101.

85 C. M. Lindvall, Testing and Evaluation: An Intro-
duction. New York: Harcourt, Brace and World, Inc., 1961),
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of the tests' validity in this respect would be the degree

of success obtained when behavior was inferred from test

score. Such a measure was provided by predicting ths% a

total score of n for each pupil meant he had passed the first

n items. Percentages were obtained for perfect predictions

and predictions off by one items and off by mere than one

item.

Since the scaled tests were also designed to indicate

the pupils' standing in relation to the seqwnce of objectives,

the behaviors represented by the test score should be indica-

tive of the students' positions in the classroom curriculum.

In other words, if the test is an achievement test it should

indicate how well the student is mastering the skills in the

classroom. With the students at Oakleaf, a daily record

was kept concerning mastery of skills in each unit of study

in mathematics. A comparison of the test scores to these

students' level of mastery in the respective units provides

an essential measure of validity for the present study.

Predictions on the I) sis of scaled test scores were made

concerning the level and skill attained by each student in

each of the five units at the time a testing. The percentages

of correct predictions, predictions one, two three: and more

than three skills off were obtained.

In order to make the predictions, each behavioral

objective for the five scaled tests was matched as closely

as possible to a behavioral objective of the Oakieat math-

ematics curriculum sequence. The Oakleaf objectives were

available in a numbered sequence which was arranged by unit



and level. As a result each behavioral objective from the

scaled tests could be placed in a level at a skill by match-

ing it to the Oakleaf curriculum objective, For exampie

the behavioral objective, "The stkliet6 able to sub-

tract two two-digit numerals 7,11thoos 7,as found to

correspond with the Cle2LI2

in the subtraction unl

of levels A-E Since fl-c of the
in the same serpiencii

Oakleaf curriculum (see 4e 1

the

ed
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skill from the total scol-e th foLL ,1,nc

employed:

1. The unit and skill correspoLAing to cne 1-Et

item passed on each test were obtained for each uLl this

unit was called the "t_Ise unit").

2. If the pupil had mastered all the tesc ! skills

in the unit, one of the following en teravere applied:

a. If he L mared ag ±111s i nexc

unit his place was ped_Aeo

ed skill ,aot ed in ihit

b. If he had not mast2 d

next unit his placement s

-!st. test

above he last tested skill in the bse 1t8

c If ht. had ma -d all skiils at the Aext

unit criteria 1 or 2 was repeat. unit.

d. For those passing all t te prediction was

made at one skll beyond the hihL 1ev1 and
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gill tested.

eo For those failing all items the predictio41

was made at one skill below the lowest level and skill

tested.

3. if the pupil had not mastered all the skills

in the base unit the following criteria applied:

a. If he had mastered all but one skill of the

previous unit his placement was predicted at the

lowest skill not mastered in the base unit.

b. If he had not mastered two or more skills in

the previous unit his placement was predicted at the

lowest skill mt, mastered in that unit.

c. If he had mastered all skills in the next

unit criteria 2a, b, or c were applied.

To determine the actual level and skill for the

pupils in the five units of the Oakleaf curriculum the fol-

folowing criteria were applied:

1. If the pupil worked in the unit under consideration

from March on, the last skill in which he was working was used.

2. If the unit was mastered, that level was compared

to the level where he was placed at the beginning of the

following school year. The higher of the two was taken.

3. If the pupil id not worked in a unit since

March, but did work in the unit during the year this level

was compared to his placement as in (2) and the higher

was taken.

4. If the pupil had not worked in the unit at all

during the year, his placement for the following year was taken.
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The final evaluation of the scaled test was concerned

with item analysis procedures. One form of item analysis

concerns the discriminating ability of the items. Tradf..tion-

ally item have been sel,nted at the 50 percent level of

difficulty when it was desired that items make the ma-cimum

number of discriminations between those passing and failing

the iters. Such procedures are not appropriate for scaled

tests hcwever, for in evaluation the concern is not always

with maximum discrimination. Sometimes it is desired to

know what all the students answer or what only a few can

answer, or in the case of criterion-reference measures,

what each student has mastered in terms of absolute standards.

As Tyler states:

Tests that are constructed to measure indi-
vidual ditfeLence contain a very large proportion
of items that are at the 50 percent level of
difficulty because these are the most efficient
in discrimination. Such tests are inappropriate
for the assessment because they do nt.t furnish an
adequate picture of what is being learned by nearly
all and by the most advanced.86

Other item analysis procedures commonly employed are

the selection of items which have the highest correlation -lath

the other items in the test, or items which have the highest

correlation with the total test score. The fcrmer is es-

pecially sensitive to item difficulty, functioning best

when the items are of equa difficulty.
87

Therefore, this

fflomsmeak

86
Ralph W. Tyler, "The Development of Instruments

for Assessing Educational Progress,* Proceeding of the
1965 Invitational Conference on Testin Problems (Princeton:
Educational TastintiTearfa7 TY6 p.

97Guilford, 2E. cit., p. 450.
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procedure was deemed inappropriate for scaled tests, since

the scaled pests were constructed to have items of unequal

difficulty.

Item-total score :correlations while not as sensitive

to difficulty as item correlations, also do not afford the

type of procedure necessary for scaled tests. Items which

are good items for a scaled test may be judged poor by the

item-total score procedure. For example, the items at the

extremes of the scales which most answer correctly or in-

correctly, will have low item-total score correlations and

be rejecter *. by this procedure. These items, however, may

be crucial in defining a scale.

Rather thin selecting items which best represent

the total score, the appropriate item selection procedure

for scaled tests should yield those items which best re-

present a scale. If each iter, should represent the scale

then each item should have a reproducibility of .90 or

greater, i.e., if there are 100 scores the maximum errors

for an item should be ten. Consider, for example, a score

of 4 obtained on a scaled test. Theoretically, all those

individuals with a score of 4 or above should have passed

item four. All those with a score of 3 or below should have

failed item four. The errors for item four can be found by

summing the number of people who pass ite four who vcore

less than 4 and the number of people who fail item four who

score equal to or grater than 4. This procedure was employed

for identifying poor items in each of the five tests for

Oakleaf, Sickman, and the tests based on the combined samples.



v.40.4imiori Of the Swilled tea

52

o90"4 0.1110'n was. m)41a twerkthe "41,041 tests 93114, nPrO-:-

referenced,.. '!.,$a 4,:a!rnent '4'08 f .5413Te of

test cOMmorily, employed in the,ohoOls for evaluation has

been ,,the,standsedixed ach4eveMent tests, it was desirable

to knOw-how the results of the two types 14 tests compare4,.

The Metropolitan Achievement Tests !Amy I-(Form a) #

jitia II (Form, A) f, and Elemeatta (Farm C) batteries.,
ftwisoilliermar Mir

were administered to the oakleaf pupils concurrently with

the scaled tests, The comparison involved the following

procedures:

1. The methods e0Ployed for the evaluation of the

Metropolitan tests were, applied to ,the scaled tests._ This

consisted of spit-half reliability and item analysis based

on a discrimination index between, high and low scorers. The

sizes of the reliability coefficients,reported in the Metro-

politan examiner!i manuals yere compared to the coefficients

obtained from the scaled ,tests, taking into consideration

the contaminating factors mentioned previously. The Metro-

politan manuals were-nOt sPecitic concerning ,the type of

discrimination index. employed. Therefore, the difference

between the upper twenty-seven percent and lower twenty-seven

percent was chosen. , The, items rejected ..by this procedure

were compared to those rejected by the suggested prOcedure

for scaled tests.

hatattempt was, ,made to apply, 00- ,eoaling meth

odology to the items' of the ?aithmetiC01E1414212_ and Con-

cePts and Problett IRIbteete- of- he 104r0P°1itar"
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'objectival they __,:tetion t44

4eipect*:t0 the-behavioral"

mat. tiioà Item dare.

responded to a. Were

113

These itoh and -a6iiiitiettiteriiii''iae then five
tests coirti1ptindii4 'sailed -teats: Addition',
Subtraction, and Concepts

Items frcia the Mettopaiiiin which did not *WA into one 'of
the above five Catigidriett iliteimaitted. The same criteria for
scalability which wire applied O the scaled teats were applied
to thetie:'fiVe'

3. To determine if a particular raw score represented

the same items being answered cOrre-ctly, the raw score patterns

for: the scaled teiti'indihe derIved Metropolitan ArittiMetic

tests' Were obtained. For-thitiopOlitan the contrived items

were reduced to their Coriestionding individual items' since the

competition involved tali: score's: The raw score patterns for the

fiva'' tests were compared to the raw' Scotto patterns Of the'
scaled' tests by óontputiñ the eiratage nuMber -of" score patterns

per test.
The proceduti for coMputing the- average number of

pattern, per teit''ia' as' oiió1i'
Perfiti scÔii Iér& icons, or scares represented

by one person bicina&
Were'Hooriipiated by

totilin'Othe ñuráf 4coia patterns ' for a 'tilt Arid

di4tdingby :thle smaller of the following birilues4

the tout :L,n'itilektoe"otri people repri ented by the' patterns

Cr

The latter value was necessary because
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sop, tatqa 119 MeV itemw, and 001 a

smell A er,gt etterfla were 1100asible,49 matter,

how my pe0ple4 w represented. The, maximum num**

her of patterns was obtained by finding the combina-

tion of n things taken r at a time. For example,

f a test had only three items the maximum number

of patterns would be SIX, the scores 2 and 1 being

the Only scores considered.

4. The saore patterni Of the scaled tests and the

score patterns of the derived Metropolitan scaled tests

were compared as in part 34bove.

S. Prididtioni from'the total raw scores of the

derived Metropolitantests Were made concerning the level

and skill of each pupil in each of the five units. Since

the predictions 'were based On raw scores, the contrived

items were again reduced to their components. With one

exception the prediction followed the same procedures and

criteria erployed in the validation of the scaled tests.

Thy exception involved the determination of score ranges for

the Metropolitan tests. tinaie no contrived items were em-

ployed, maniiteHs Of the Metropolitan tests pertained to

the same objective. Therefore, a range Of scores, correspond-

ing to the number- df items testing a given objective, was

established foi the pUtOoie'of,predicting the pupils positions

in the curriculum. For-exam-ple, if the first oblective was
,.- ","

tested With three 'Score of 1, 2, or 3 would correspond
_.."

to the same level and ikIii if the net Objectivë hack

items the scot'of 4 anà 5 would correspond to. the next
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type *of rot_ score.

A. Summary

The methodology for the construction of sequentially

scaled achievement tests was applied in the development

of tests in five areas of arithmetic achievement: Addition,
a

Subtraction, Numeration, Time Telling, and Concepts. in

Money. Subjects were obtained from two elementary schools,

Oakleaf and Sickman, in suburban Pittsburgh. Following the

construction of the tests, three phases of evaluation were
4,

attempted -- reliability, validity, and item analysis. The

following procedures were employed:

1. For reliability (a) the split-half (even-odd)

correlation was obtained as an approximation to test-retest

reliability, and (b) Spearman Rho rank order correlations

were obtained for the orderings of two random samples of

pupils selected from the combined Oakleaf and Sickman pop-

ulations. Rank order correlations were also obtained

for the item orderings of the Oakleaf tests versus the

responding Sickman tests. These provided a measure of

stability of the items in the scales.

2. The essential measure of validity was provided

Cor-

the

'

by the agreement between the scaled scores and the Oakleaf
,4t C \.

student's level of mastery in eacn of the five units, Fre-
t

'

dictions were made, on the basis of the scaled test scores,
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units att4the'tiiiiiiiri Sting' th Ort6sOndlifie.'ofthelbw,,1

1444tinf4Word"'OU'iiiehatUdentwas-reported

prédiótiâns ófi by ón
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''' mèAiue'óthë validity OiteiCh' scaled test was

also obtainedUting the' Perberitageof times 'a toti

idoieHeofh-teOrotentid a-stUdentS-Oaseingthe-fikatAll

or

iore'thei one iiiifie obtained.

4-

3.' The item' analyisis-p Ocidure involved establishing

a minimum reproducibility of .90 for each item. The

maximum :umber of errors for an item was ten percent of the

number of peopie Errors were obtained by counting those

persons having a score lower than the item number but

passing the item, and those persons obtaining a score equal

to or greater than the item number but failing the item.

The final phase of the present investigation in-

volved a comparison of the scaled tests results to the

results of the Metropolitan Achievement Tests administered

concurrently to the Oakleaf pupils. The comparison involved

the following procedures:

1. The methods employed for the evaluation of the

Metropolitan Tests were applied to the scaled tests. Re-

liability and item analysis procedures were compared.

2. An attempt was made to determine whether the

scaling methodology could be applied to the items of the

arithmetic computation subteat of the Metropolitan
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The scaling methodOlogY for the present investi-

gation consisted of the following steps:

1. r Identifidation of that Ursine/ behavioral ob-

jective to be tested, followed tiy identification of as series

of behavioral objectives which appear logically to preceed

the terminal objective in a sequence.

2. Construction of items corresponding to each

objective.

3. Combination of the items into "contrived items."

4. Establishment of i1 criterion for passing each

"contrived ite

5. Administration and scoring of the tests.

6. Application of Guttman's "scalogram analysis"

technique including computation of the reproducibility

coefficient.

ability.

7. Computation of Menzel's coefficient of scal-

For both the Oa kloai and Sickman tests an initial

reproducibility~ coefficient was calculated. The items were

then rearranged, where necessary, to obtain the maximum do-

e fiaient of reproducibility. The coefficient of scalabiiity

was Computed iollowing thelinal arrangement of the items

(See Appendix D for a stews Scalogram). The Obtained re

producibility and scalabiIity coefficients are'iesented in

Table

58
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Revised Revised

Scalability ,Repro SCal

Subtraction .910 .966

Addition .961 .979

Numeration .957 .965

Money

Time

.943 .953
^

.907 .929

4./.Volowwwf.MINOMmeemwmatmo

.815 ov .961 .791

.854 .977 .825

.682 .947 .647

.690

.711 .920 .676

TABLE 2

REPRODUCIBILITY AND SCALABILITY
COEPPICIENTS FOR =MN SCALES

921

A451,44404v).-58

lawnexation

Money.

«968

4,8

822

791

Revised Revised'

J. t

*958,

0,951

.822

029

4,199

644
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it will be: rioted that btoth tables, contain columns

for revised reproducibility and revised scalability coeffi-
cients. These revisions were necessary 'because of the number

of perfect scores 'occurring. With a perfect score the repro-

ducibility has to be perfect' and, therefore, a group of

perfect scores will spuriously raise the reproducibility of the

test as a whole. While the coefficient os scalability will

insure against spuriousness in the test, it too must be perfect

for all perfect scores. Therefore, all but one perfect paper

was o 14 Iitted from each test, the one perfect score remaining

to give the test a ceiling. Reproducibility and scalability

coefficients were again' computed, and these coefficients

constituted the revised coefficients appearing ip the tables.

These revised coefficients were established as the criteria

for accepting or rejecting the tests as scales.

From the values presented in Tables 1 and 2, four of

the five Oakleaf tests and four of the five Sickman tests met

the criteria for being a scale. Because the scalability coeffi-

cient was below .65 the Oakleaf Numeration test failed to

meet the criteria and was not considered scaled for this group.

The Oakleaf Money and Time tests barely reached the minimum

value for scales, and while accepted as scaled, were in need of

further revision. The omission of some poor items (to be

discussed later) and/or the addition of new items is suggested.

The Sickman Time test also failed to meet the scalability

criterion and was not considered scaled for the. Sickman pupils.

The remaining four tests had substantial scalability coefficients



in contrast to only two substantial 3calability coefficients

for the Oakleaf tests. The difference between the Oakleaf

and Sickman Numeration tests may be a function of differential

familiarity to Numeration content. The lowest score on

the Oakleaf Numeration test was 7 while there were nineteen

scores below 7 for the Sickman Numeration test. It would

appear that the Oakleaf students had greater familiarity with

the Numeration objectives tested, the test being ton easy for

the As a result the objectives and corresponding items

were not sequenced once the students had become familiar

them. The Sick an pupils who scored lower than 7 evidently

had not had the same amount of familiarity with the Numera-

tion objectives, and could not attempt the higher level items.

Consequently, the opportunity to have high reproducibility

and scalability was greater for these items.

The same conjecture could not apply to the Money

test, however. The score ranges were almost the sae for

both schools. Perhaps the best suggestion is that the Money

test functions differently for the two groups, and that it

best represents the ordering of the objectives of the Sick an

curricul

Followingthe attemptto scale the tests for.each

school separately, the two samples of pupils were combined

to determine if the tests-would scale for the entire group..

The reproducibility and scalability coefficients are re-

ported in Table 3 for the final ordering of items. Revise4

reproducibility and scalability coefficients were again

calcUlated by omitting.all-but one perfect paper from each
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test. These revised coefficients were employed as the criteria

for considering a test as scaled. The results show that

only the Time test failed to meet the criteria and was not

considered scaled. The magnitude of the scalability coef-

ficients for the Numeration and Money tests was undoubtedly

enhanced by the Sickman scores.

TABLE 3

REPRODUCIBILITY AND SCALABILITY COEFFICIENT
FOR THE COMBINED SAMPLE OF PUPILS

Repro. I Scalability
Revised
Repro.

Revised
Scal.

Subtraction .955 .778 .946 .739

Addition .973 .837 .916 .776

Numeration .962 .715 .943 .715

Money .958 .733 .955 .712

Time .917 .669 .907 .630

B. Reliability of the Scaled Tests

Having applied the methodology for the construction

of scaled tests, the resultant five tests were subjected to

evaluation procedures in the areas of reliability, validity,
,1 JL

and 'item analysis. The initial measure of reliability in-

volved the computation of split-half reliability coefficients

to afford an indication of the stability of the test scores.



63

Because the final orders of items pf each test were arranged in

ascending order of difficul:y an even-odd split was chosen. To af-

ford an adequate sample size the correlations were computed

from the combined Oakleaf and Sickman test results. The

correlations, appearing in Table 4, were corrected by using

the Spearman-Brown formula.

TABLE 4

CORRECTED SPLIT-HALF RELIABILITY
COEFFICIENTS FOR THE SCALED TESTS

Test

Subtraction

Addition

Numeration

Money

Time

rtt

. 872

.908

.931

. 852

. 787

From the magnitudes of the split-half coefficients

the tests appear to have fairly stable scores. The Time

test had the lowest coefficient, a result which indicated

some lack of stability but a result not unexpected since the

Time test did not meet the scale criteria. When the con-

taminating factors of the split-half correlation Ire con-

sidered, the above results are most encouraging, for with

varying difficulties and restricted score ranges the

coefficients may be underestimated.
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While the split-half reliability afforded a measure

of the stability of the scores, a Measure of the stability

of the item orderings was also computed. Two assessments

of the stability of the tests item orders were employed:

(1) the stability of the item orderings between the two

schools and (2) the stability of the item orderings for two

randomly selected groups from the combined samples. The

Spearman Rho, rank-difference correlation was employed for

both assessments.

The Spearman correlation coefficients for the item

orders between schools appear in Table 5. The Subtraction

and Addition test items had stable item, orders. The Time

and Money item orders were not as stable end indicated 'cue

fluctuation. ,A coefficient as large as .880 was unexpected

for the. Time test. The order of items remained relatively

stable even though te test did rot mole. The Numeration

item orders were not !steiges This result, however, reinforces

the, conjecture conOerning Offs test's scalebilitY; the items

did, not, have ,a scalable ordering for Oakleaf but did for

Sickman where they were more difficult.



TABLE S

SPEARMAN RHO- CORRELATION comiczimors
FOR OAKLEY AND SICEMAN 12114 ORDERS

Test Rho

Subtraction

Addition

Numeration

Money

Time

.946

.932

.736

.846

.880
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A second assessment of the stability of the items

was made by selecting two randam samples of fifty pupils

frau the tests Wiwi' on the combined samples of Oakleaf

and Sickman. Spearman Rho correlations were obtained for

the two saMples and'ire presented in Table 6. The remits

were that the item 'orderings are stable within any of the

five combined tats.

TABLE 6

SPEARMAN RHO CORRELATION COEFFICIENTS FOR
ITEM ORDERS,OP,TMO RANDOM SAMPLES FROM
THE TESTS BASED ON COMBINED SAMPLES

.Tsst

Subtraction

444 tSon

Numeration

*904

.930
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TABLE 6 (continued)

SPEARMAN RHO CORRELATION COEFFICIENTS FOR
ITEM Mae OP TMO RANDOM SAMPLES FROM
THE TESTS BASED ON COMBINED SAMPLES

Test

Money

Time

.930

.932

C. Validity of the Scaled Tests

The second phase in the evaluation of the scaled

tests concerned validity. One of the validation procedures

was the measure of the degree of success obtained when be-

havior was inferred from the total raw score of the scaled

tests. Theoretically, a pupil obtaining a score of n should

have answered only the first n items correctly. Percentages

for each test were obtained for the number of times the total

score equaled the first n items passed. Percentages were

also obtained for the number of times the total score was off

by one item or more than one item in representing the first

n items passed. Perfect scores were omitted from the calcula-

tions since those students had not reached a point at which an

item was failed. The resultant percentages for Oakleaf are pre-

sei4ed in Table 7. The Sickman results are presented in Table

8. After, the two schools' samples were combined, the item orders

were reanalyzed. The results for the combined samples are pre-
4

sented in Table 9. The number in parentheses following the

title indicates the number of scores employed in the calculations.
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TABIA 7

PERCENTAGES 01 RAW ORES EQUALING THE
'UST' n ITEMS PASSED (DAKIJEAr)

Teat
Percent Percent
Perfect One ;t0P Of

Percent
Greater Than
One Item Off

Subtraction (77)

Adi*tion (72)

Numeration (54)

Money (79)

Time (74).

597

7SS

3,3). 3

54.4

17.6.

37.7

25.0

57.4

32.9

45.9

2.6

4.2

9.3

12.7

36.5

TABLE

PERCENTAGES OF RAN SCORES EQUALING THE
FIRST n ITEMS PASSED (SICKMAN)

Test

Percent
Portent Percent Greater Than
Perfect One item Off One Item Off

Subtraction (57) 61.4 31.6 7.0

Addition (50) 40.0 :50,
Numeration (47) 42.6 46.8 10.6

Money (67) 64.3

Time (70)

28.3 7.4

17'1 34.3 48.6
. .
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TABLE 9

PERCENTAGES OF RAW SCORES EQUALING THE
FIRST n ITEMS PASSED (COMBINED)

Test
Percent Percent
Perfect One Item Off

Percent
Greater Than
One Item Off

Subtraction (134) 45.5

Addition (122) 57.4

Numeration (101) 30.7

Money (146) 56.8

Time (144) 14.6

ilimamminewile

50.0

36.9

58.4

34.2

32.6

4.5

5.7

10.9

8.9

52.8

The results showed that for every test but Time the

total scores were within a maximum of one item off in

having the total represent the first n items passed for

approximately ninety percent of the cases. These percentages

are closely related to the reproducibility of the tests,

since the'arrors employed in determining the reproducibility

coefficients were the same errors made when the total score

did not equal the first it items passed.

The Time test, having the lowest reproducibility in

all cases was also CAI poorest in this phase of validity

evaluation. The scores did not come within one item of

equaling the first it items passed in more than fifty per-

cent of the cases for Sickman, and more than sixty percent

for Oakleafe When the schools were combined the Time scores
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were successful in being within one item in just slightly

more than fifty, percent of the cases.

The final tessessmont of the validity of the

scaled tests, and perhaps the most crucial for the present

investigation-, was how well the tests' results indicated

the position of the pupils in the classroom curriculum

sequence. In order to determine this type of validity a

daily record of the pupils' positions by skill and level

in each unit was required. Such a record was maintained for

the Oakleaf pupils but not for the Sickman pupils.. The

results, therefore, pertained only to the Oakleaf tests.

On the basis of raw score alone, and following the procedures

outlined in the previous chapter predictions were made for

each pupil concerning the level and skill at which he should
A W

be working in each of the five tested areas.
4.

Percentages were obtained for the number of times

the pupil was placed at the exact level and skill or at

one, two, three or more skills off. The obtained percentages

are shown in Table 10. The number in parentheses beside

each test name indicates the number of pupils who could be

place with a degree of accuracy. In a few instances pupils

were no longer in the school and no placement data for 1965

was available.
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The results indicated that in four of the five

tests at least eighty per6ent of the Oakleaf pupils were

placed within a maximum of three skills from their position

in the curriculum sequence. Approximately one third to

two thirds of the pupils, depending on the test, were placed

at a taximum of one skill off.

The validity of the Addition test was poor, es-

pecially in comparison to the other tests. Since the Ad-

dition test had ranked so highly with respect to the other

evaluation criteria, the result was surprising. The result

should have been expected, however, when viewed with the

strIture of the curriculum sequences for the five tested

areas. The information provided in Table 11 indicated

the number of skills in the Oakleaf curriculum at

each of the five levels tested in-each unit. Table 12

furnished the ratios of-the number of skills in the last

three levels (C, D, and E) to the number of items in each

respective test. The reason for eliminating levels A and

B was that when the predictions were Arisde to determine the

validity of the tests, only twenty-one of the 416 cases

were, actually in level B and none were in level A.
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TABLE 11.

NUMBER OF CURRICULUM SKILLS PER
LEVEL FOR TESTED UNITS

Tested Units
Levels

C Total

Subtraction 3 3 16

Addition 2 8 6 5 7 28

Numeration 10 9 4 2 3 28

Money 1 3 2' 5 3 14

Time 3 4 2 19

TABLE 12

RATIOS OF NUMBER OF TEST ITEMS TO NUMBER
OF CURRICULUM SKIM'S IN LEVELS CID, and E

Tests Number of

Tel/It, Items Item s/Skilla

Subtraction

A44ition

NuPeratiP11,

SPINnr

TA

14

1 38

.78

1.56

1.20

L33
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From the results of these two tables the Addition

test should have been the least valid, it employed slightly

greater than half the number of items as the other tests to

evaluate a skill. In other words a smaller number of items

were employed to test a wider range of skills. While, on

the average, each skill was tested with an item on each of

the other tests, more than one skill was tested with an ite

on the Addition test.

D. Ite Analysis of the Scaled Tests

The final evaluation procedure suggested for the

scaled tests involved item analysis. The scalogram analysis

procedure actually included an item analysis technique.

Since the mini reproducibility for a test was .90, the

criterion adopted for the analysis of the items was that earth

item should have a minimum reproducibility of .90. Rather

than computing reproducibility coefficients for all the items

the maximum number of errors for an item were found. An

error was counted when (1) a correct response was made by an

individual to an item whose number was greater than the total

score obtained by that individual, and (2) an incorrect

response was made to an item whose number was lower than the

total score of the individual* Any item whose errors exceeded

the maximum number of errors was considered as a poor item.

The procedure was applied to the Oakleaf, Sickman, and combined

tests. The results are shown in Tables 13, 14, and 15. The
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number in parentheses after each test name indicates the

maximum number of errors for the items of that test. An

item number superscribed with a bar signifies a poor item.

TABLE 13

ITEM ANALYSIS FOR OAKLEAF SCALED TESTS

Item No. 1

Errors 2

Item No, 1

Errors 0

Item No. 1

Errors 0

Item No. 1

Errors 1

2 3 4

1 7 8

2 3 4

0 1 0

2 3 4

0 1 3

2 3 4

4 6 5

Subtraction (8)

5 P0 7 8..10 11

4 12 4 6 10 8 4

Addition (0)

5 _6 7 El 9 10 11 12 13 14

2 .4 4 4 5.7 8 5 5 3

Numeration

5 6 1 ,8 ,9 10 II' II n IT

3 4 4 3 68 10 10 10 20

MoperA0)

5 1. it IV 11 12

5 9 15 19 11 14 4 0

t , Time (9) ,

Item No. 1 2 3 T 7 8 9 lb' IT TY n- IT
Errors 1 3 8 13 17 17 15 5 9 18 15 25,12 10 12 12

,

*An item number superscribed With a bar signifies a poor item.
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ITEM ANALYSIS FOR szamaN SCALED TESTS

Item No. 1

Errors 2 5 7 4

Item No*

Subtraction (7)

9 10 IT*

6

Addition (7)

8

7 8 9 10 Tr 12 13 14
0L

"

Errors 0 0 0 4 3 5 6 6 .6 7

Item No*

Numeration (.7).

9 10

Errors 1 6 7 2 4 9 3 5 6 4

Money 7k

6 7 117
Errors 1 1 3 7 2 7 6 8 9 9

Item No.

111109re,

Time (

3 iv 3' V 7 v rr fl 14 TT 16
*:#

6 11 12 17 15 12 13 25 30 28 11

19 1 5

11 12 13

5 1 3

314 12

5 0

7

14

3

5

75
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TABLE X5

ITEM ANI141YSIS FOR COMBINED OCAIIED TEETS.

Subtraction (16)-
Iteni Igo. 1 2 '3 6 7 8 loff

Errors 4 6 14 13 17 13 7 9 38 35 18

Addition (15)
Item No. 1 2 3 4 5 67 8 9 10 if 12 13 14
Errors 0 0 4 531 10 AO 10 13 27 611 10

Numeration (15)

Item No. 1 2 3 T 5 6 7 8 9 IV 11 12 13 IT
Errors 0 9 8 17 4 12 15 10 10 16 14 12 14 23

Item No. 1 2 o 4

Errors .3 10 9 7

Money (15)

571I'11 12
9 19 19 21 31 23 9 0

Time (16)

'teal NO_, 2 3 4- r 7 I V EY IT IT rs 13.

Error* 5 6 14 26 28 29 36 41 33 43 48 47 23 16 17 18

,,Only the Oakleaf Addition ,test contained no poor

/items for this analysis. The Addition test as, a whole
had good items, only one item was poor for both the Sickman
and combined tests. The Sickman Subtraction and Numeration

tests wererithe,4on4r,rother tests toollams Awls* as 'son. Poor

AVIIMutairng l'4400t*,11310 11141094041A1 4000, 4but the
ititoef test out Aff kr ti* worst 7itaw,4114 aliotaralOons,, the
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poor items outnumbered the)goOd iteMs almost three to one.

To determine if the poor items were the same or

variable for the Oakleafe Sickman and combined tests the

items were renumbered according to their original order--

the order in, which they appeared when the tests were ad-

ministered. The results are presented in Table 16.

TABLE 16

ORIGINAL ITEM ORDERS FOR POOR ITEMS

Tests

Subtraction Oakleaf
Subtraction' Sickman-
Subtraction Combined

AdditiPn gak;a411
Addition'Sickman'
Addition Combined

Numeration Oaklea;
Numeration Sickmati
Numeration Comb ad

o:)riginal Order

5 6

5 6 7 11

No poor items
9
9

3 12 13 14
8

5 11 12

!,',16Afir Pa#Xma;,-,, i, .
1. , ,,

5
Monek SiokMail

tioPlY t C911040e4,

TIP,: galliclaaf , , 4 ,,5, 6,7: 8 8,-10 11,413 1,4 1.4 ,A16, _
tilie diciiitart

i

, ' e5-6 '1 -8 '9 '10 Itll 13 15
TiM0 Combined,... 4, 5, 0 7,11 9 10 11 121,3 .15, 16

7 0 9 10
5 8 10

eeratAitt 11tuakti past tztpilre was variation, however,
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between the schools, for the poor items were never all alike

for any of the tests.

The Numeration test represented the greatest amount

of variability with seven of eight poor items being different

for the three test situations. The results also showed

that four items were poor for Oakleaf and only one item was

poor for Sickman. This affords further information con-

cerning why the Sickman Numeration test was scaled and the

Oakleaf test was not.

B. om arison of Scaled Tests and Metro .titan Achievement Tests

Following the evaluation of the scaled tests,

certain comparisOns were made between these tests and the

Metropolitan Achievement Tests. The comparisons were de-

signed to investigate similarities and differences in the

evaluation proceduree and results of the two types of tests.

The compariSons included the following:

1. The initial comparison was an attempt to apply to

the scaled tests the procedures employed in the evaluation

of the Metropolitan tests. The examiner's manual of the

Metropolitan described two evaluation procedures: (a) split-

half reliability and (b) item analysis involving a discri ina-

tion index between high and low scorers. The split-half

coefficients for the scaled tests, obtained previously, are

presented in Table 17 along with the coefficients for the

arithmetic subtests of the Metropolitan test batteries. The

latter were taken from the examiner's manuals and are ex-

pressed as ranges of coefficients.



Test

SPLIT-HALF RILIAXILITY COPMFICIENTS FOR
SCALED TESTS AND METROPOLITAN

TAIL. 17

ACHISVMSNT TWITS

r
tt

Scale Subtraction

Scale Addition

Scale Numeration

Scale Money

Scale Time

Metro. I Arith. Concepts

Metro. I Arith. Skills

Metro. IX Arith. Concepts

Metro. II Computation

Metro. III 'Arith. -Concepts

Metro. LXIX Arith: CoMputatiOn

NmorwavelOlmwrams

79

.872

.908

.931

.852

.787

.81 - .89

.94'- .95

- .87

.74 - .88

:86 - .91

.91- .93
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The coefficient values for both types of tests are

similar. Of the two contaminating factors for split-half

coefficients, only the range of difficulty was a factor for

the Metropolitan, and this factor undoubtedly not to the

fullest extent since easy items for all pupils and difficult

items for all pupils would have been rejected in the item

analysis. Therefore, the scaled test coefficients may be

underestimated to a greater extent than the Metropolitan

coefficients.

The second evaluation procedure, item analysis,

was compared by applying the method used in the evaluation

of the Metropolitan to the Oakleaf sealed tests. Tne

manuals for the Metropolitan were not specific concerning the

particular high-low discrimination index employed nor the

criteria established for rejection of an item. Therefore,

percent difference was obtained and items with a difference

of thirty percent or less were rejected. The item analysis

is presented in Table 18. Items superscribed with bars

are poor items. The number in parentheses after the test

name indicates the number, of persons in the upper and lower

groups, respectively. The similarity of this item analysis

procedure to the scaled test item analysis procedure can

be obtained from Table 19.



T
A

B
L

E
 1

8

U
P
P
E
R
 
2
7
 
P
E
R
C
E
N
T
-
-
L
O
N
E
R
 
2
7
 
P
E
R
C
E
N
T
 
I
T
E
M
 
A
N
A
L
Y
S
I
S

F
O
R
 
=
w
a
r
 
S
C
A
L
E
D
 
T
E
S
T
S

I
t
e
m
 
N
o
.

1
*
 
x

I
U
p
p
e
r
 
P
e
r
c
e
n
t
 
1
0
0
 
1
0
0
 
1
0
0

9
2

7
1

0
8

2
9

L
o
w
e
r
 
P
e
r
c
e
n
t

9
2

D
i
f
f
e
r
e
n
c
e

-

0
8

I
t
e
m
 
N
o
e

U
p
p
e
r
 
:
P
e
r
c
e
n
t
 
1
0
0

L
a
k
e
r
 
P
e
r
c
e
n
t
 
1
0
0

W
f
a
r
e
n
c
e

0

I
t
e
m
 
N
o
.

1
U
p
p
e
r
 
P
e
r
c
e
n
t
 
1
0
0

L
o
w
e
r
 
P
e
r
c
e
n
t
 
1
0
0

D
i
f
f
e
r
e
n
c
e

0

S
u
b
t
r
a
c
t
i
o
n
 
(
2
4
)

4
5

6
7

8
9

/
0
0

1
0
0

1
0
0

1
0
0

1
0
0

1
0
0

6
3

5
0

6
3

2
5

1
7

0
4

3
7

5
0

3
7

7
5

8
3

9
6

1
0
0

1
0
0

1
0
0

1
0
0

9
1

8
7

0
0
9

1
3

2
3

4
1
0
0

1
0
0

1
0
0

1
0
0

1
0
0

9
1

0
0

0
9

1
0

1
0
0 0

1
0
0

1
1
4
6 0
4
6

1
0
0

7
8

2
2

A
d
d
i
t
i
o
n 7
8

1
0
0
 
1
0
0

7
0

6
1

3
0

3
9

(
2
3
)

9
1
0
0
 
1
0
0

5
2

5
2

4
8

4
8

1
0

1
0
0
4
3

5
7

1
1
9
6
1
3

8
3

1
2

1
0
0
0
9
9
1

1
3

i
9
1 0
9
1

1
4
5
7 0

5
7

N
u
m
e
r
a
t
i
o
n
 
(
2
3
)

5
6

7
8

9
1
0

1
1

1
2

1
3

1
4

1
0
0

1
0
0

1
0
0

1
0
0

1
0
0

1
0
0

1
0
0

1
0
0

1
0
0

1
0
0

9
6

8
7

8
3

8
3

7
4

7
4

7
8

2
2

1
7

0
4

0
4

1
3

1
7

1
7

2
6

2
6

2
2

7
8

8
3

9
6



T
A
B
L
E
 
1
8
 
(
c
o
n
t
i
n
u
e
d
)

U
P
P
E
R
 
2
7
 
P
E
R
C
E
N
T
-
-
L
O
W
E
R
 
2
7
 
P
E
R
C
E
N
T
 
I
T
E
M
 
A
N
A
L
Y
S
I
S

F
O
R
 
O
U
L
E
A
F
 
S
C
A
L
E
D
 
T
E
S
T
S

I
t
e
m
 
N
o
.

1
1

1
U
p
p
e
r
 
P
e
r
c
e
n
t
 
1
0
0

1
0
0
 
1
0
0
 
1
0
0

L
o
w
e
r
 
P
e
r
c
e
n
t

9
6

8
3

7
5

7
0

D
i
f
f
e
r
e
n
c
e

0
4

1
7

2
6

3
0

H
o
n
e
y

(
2
3
)

5
6

7
8

9
1
0

1
1

1
0
0

1
0
0

1
0
0

1
0
0

1
0
0

1
0
0

1
0
0

6
5

6
1

5
7

4
8

3
0

1
3

0
3
5

3
9

4
3

5
2

7
0

8
7

1
0
0

I
t

N
o
.

T
I 

I
4

3
U
p
p
e
r
 
P
e
r
c
e
n
t

1
0
0
 
1
0
0
 
1
0
0
 
1
0
0
 
1
0
0

L
o
w
e
r
 
P
e
r
c
e
n
t

9
6
 
1
0
0

8
3
-

5
7

9
1

O
l
f
e
r
e
n
e
e
,

0
4

0
1
7

4
3

0
9

T
i
m
e

(
2
3
)

6
7

8
1
0
0

1
0
0

1
0
0

6
1

2
6

1
7

3
9

7
4

8
3

T 1
7 0
1
7

9
1
0

1
1

1
2

1
3

1
4

1
5

1
6

1
0
0

9
6

9
6

9
1

9
6
 
1
0
0

7
0

7
8

1
7

3
5

1
7

3
0

0
4

0
0

0

8
3

6
1

7
9

6
1

9
2
 
1
0
0

7
0

7
8

A
n
 
i
t
e
m
 
n
u
m
b
e
r
 
s
u
p
e
r
s
c
r
i
b
e
d
w
i
t
h
 
a
 
b
a
r
 
s
i
g
n
i
f
i
e
s
 
a
 
p
o
o
r
 
i
t
e
m
.



83

TABLE 19

ITEM DESIGNATED AS 'POOR BY TWO ITEM ANALYSIS 'PROCEDURES:
THE SCALE PROCEDURE AND UPPER-LOWER 27 PERCENT

Scale

Upper-Lower

Scale

Upper-Lower

Scale

Upper-Lower

Scale

Upper-Lower

Scale

Upper-Lower 5, 6;,

Subtraction Item Numbers

6, 9
1, 2, 3

Addition Item Numbers

None

1, 2, 3, 4 5# 6

Numeration Ite Numbers

11, 12, 13, 14

3, 4, 5 6. 7, 8, 9, 10, 11

Money Item Numbers

6,_7, 8, 9, 10

1, 2, 3, 4,

Time Item Numbers

1, 2, 3, 5

10 11, 12, 13, 14, 15, 16

These results indicated, that the itenulk rejected by
the two procedures were almost completely. different. In each test

the upper lover method rejected-the first several tems. These

items were easy items for, most, of the pupils because they

tested behavioral objectives appearing early-4n the curriculum

sequence. While the upper-Lower silt**, apiays0 reject4

these easy items because they did not discriminate among the
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high and low scores, the scaled test method did not reject

these items because they were highly reproducible and pro-

vided an assessment of the pupils° mastery at the lower

levels. Items chosen for a scale start with the very

easy items and progress to the most difficult. Each of the

items selected by the scaled test item analysis should

best constitute a scale. Each of the items chosen by the

upper-lower twenty-seven percent item analysis shcAild

discriminate between high and low scorers. The type of item

which would be rejected by both procedures would be the

item answered correctly by low scorers and incorrectly by

high scorers.

2. The second comparison of the scaled tests and the

Metropolitan tests was an attempt to apply the scaling

methodology in order to derive scaled tests fro, the items

of the Metropolitan arithmetic subtests. All the items

of the arithmetic subtests were classified according to

their respective behavioral objectives. In some cases

more than one item tested a particular objective. When

this occurred, contrived items were constructed, and the

criterion of two-thirds correct for passing was employed.

The items were arranged into tests corresponding to the

five areas covered by the scaled tests. No items were in-

cluded which did not represent one of the five areas.

The Primary I Metropolitan test yielded only one

test Numeration, which had sufficient items (eight) to

apply the scale criteria. Guttman had suggested a inimum
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of ten items, but the criterion was extended to see what

regiults would be obtained. Of the remaining for tests fro

the Pri ary I battery, Subtraction, Addition, and Money

had three items each. Time was tested with one item.

The Primary II battery yielded three tests with

sufficient items to attempt the scale criteria, Addition,

seven items; Subtraction, eight items; Numeration, eight

items. Money was tested with four items and Time with

three, both insufficient. The Eleientary battery yielded

two tests with sufficient items, Addition, fourteen; Sub-

traction, nine. Numeration had three items; Money? five;

and Time, one. The resultant coefficients are shown in

Table 20. Only revised coefficients were calculated.

The number in parentheses after the test name indicates the

number of scores employed in the calculations.
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TABLE 20

REPRODUCIBILITY AND SCALAHILITY OF TESTS.. DERIVED FROM
THE METROPOLITAN ACHIEVEMENT TESTS

Test
Revised

Reproducibility

Primary I Numeration (17) .934

Primary II Addition (20) .986

Primary II Subtraction (27) .921

Primary II Numeration (11) .920

Elementary Addition (27) .926

Elementary Subtraction (29) .958

Revised
Scalability

.550

.780

.605

.364

.636

.744

Only two of the tests met the criteria for scalability,

Primary II Addition and-Elementary Subtraction, but neither

would have been subjected to the scaling criteria had the

minimum number of items requirement not been extended. The

only test for the areas investigated which had the minimum

number of items wawa the Addition test, but it

failed to meet the scale criteria. One other test, which was

not included in the five areas, had sufficient items for

scaling. This was a multiplication test in the Elementary

battery. There were twelve items for this test but the scala-

bility coefficient was too low, .629. The reproducibility

coefficient was acceptable at .925.

3. The third comparison between the two types of

tests concerned the number of score patterns obtained for a
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given test score in order to determine if a particular raw

score represented the same items being answered correctly.

The initial phase of this comparison involved the raw scores

of the scaled tests and the raw scores of the tests derived

from the Metropolitan batteries. For each test the ratio

of the number of score patterns per test was obtained. This

ratio employed one of the following two denominators, whichever

was the minimum: (1) the total number of subjects taking

the test or (2) the maximum total number of possible score

patterns. Perfect scoresp.zero scores, and scores obtained

by only one individual were omitted from the analysis because

only one score pattern was possible for each. Since the

fewest number of patterns should be present to best interpret

the items represented by a score, the ratio of patterns to

test should be as small as possible. The ratios are represented

in Table 21. For Time only the Metropolitan II test was

included; the Primary and Elementary Metropolitan tests had

only one item each for time. The table includes only the

maximum values employed. When total subjects is the smaller

it is presented, when total patterns is the smaller only that

value is presented.
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TABLE 21

ANALYSIS OP NUMBER or MW SCORE PATTERNS PER TEST

Test

Total
Total Maximum Total

Subjects Patterns Patterns Patterns/Test

Scale Subt. /6

Scale Add. 71

Scale Num. 53

Scale Money 78

Scale Time 73

Metro. I Subt. 19

Metro. II Subt. 24

Metro. III Subt. 28

Metro. I Add. 17

Metro. II Add. 19

Metro. /II had. 22

Metro. I N. 19

Metro. II Num. 6

Metro. III Num. 24

Metro. / Money

Metro. II Money' 21'

Metro.' III Money 26

Metro. -II Time

14

30

26

27

32

62

13

10

22

13

10

22

11

3

11'

9

'9

. 39

. 37

.51

.41

.85

.47

.92

.64

.76

.53

1.00

.58

.50

.46

.64

.43

.12

.43
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The results appeared inconsistent at first. The

patterns per test ratios for the scaled Addition and Sub-

traction tests were all lower and, therefore, superior to

the corresponding Metropolitan tests. The Numeration tests

were relatively the same, the scaled Money test was superior

to the Metropolitan I test, about equal to the Metropolitan

II test, and inferior to the Metropolitan III test. The

scaled Time test was inferior to the Metropolitan II Time

test. It should be remembered, however, that only the

Addition and Subtraction scaled tests had good scalability

and reproducibility coefficients for Oakleaf. The Time and

Money tests barely met the criteria and the Numeration test

did not meet the criteria. Therefore, only the Addition and

Subtraction tests were good examples of scaled tests in the

present situation.

The second phase in the comparison of score patterns

concerned the scaled tests and the tests which were derived

to be scaled from the Metropolitan batteries. While only

two of the Metropolitan tests met the criteria for scaling

and many did not have enough items to even attempt the

calculation of the criteria, all were included in this analy-

sis. The reasson,was to determine if any of the tests had

improved pattern per teat ,ritiOss whichr were comparable to

the scaled tests. The,resulte are Presented in Table 22.

Again, only thole maximum valnee,employed in the calculation

are presented in the table,
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TABLE 22

ANALYSIS OF SCORE PATTERNS PER TEST FOR SCALES DERIVED
FROM THS METROPOLITAN TESTS

Test

Total
Total` Maximum Total
People Patterns Patterns Patterns/Test

Metro. I Subt.

Metro. II Subt.

Metro. III Subt.

Metro. I Add.

Metros II Add.

Metro. III Add.

Metro. I Num.

Metro. II Num.

Metro. III Num.

Metro. I Money

Metro. II Money

Metro. III Money

Metro. II Time

2 .33

29 22 .76

27 12 .44

1 .33

19 4 .21

24 23 .96

15 5 .33

9 5 .56

6 5 .83

6 4 .67

14 7 .50

26 3 .12

6 4 .67

Comparing the results of Table 22 with those of

Table 21, the scaling methodology resulted in improved patterns

per test ratios for the derived Metropolitan Addition and

Subtraction tests, and in some cases the ratios were supe-

rior to those of the scaled tests. The remaining results

were inconsistent, improving in some tests, and showing

greater patterns per test ratios in other pass*.



4. The final comparison between the scaled tests and

the Metropolitan tests involved the validity of the tests

in terms of how accurately they predicted the pupils positions

in the five units of the Oakleaf curriculum sequence. The

predictions followed the same, criteria established previously

for the scaled tests, and were based on raw scores. As a

result, no contrived items were present for the Metropolitan

tests. The results were compared by grade, and only those

pupils who had taken both .tests were included. The results,

presented in Table 23, indicate the percentages of perfect

predictions and predictions one, two, three, and more than

three skills off. The number in parentheses after the

test name is the number of predictions employed in the cal-

culations.
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The results appeared inconsistent. The scale tests

made better predictions in 110.00 instances whereas the

Metropolitan tests were better in others. To attempt an

explanation for these inconsistencies, the number of dif-

ferent items employed to test the various levels in each

unit were determined. As discussed in the section devoted

to the validity of the scaled tests, a greater variety of

items covering a range of behavioral objectives should

enhance the predictions of pupil position in the curriculum

sequence. The same was suggested as a reason for the

differences between the scaled and Metropolitan tests.

As a result it was necessary to obtain the number of items

testing each level of the five units. The scaled tests

covered all three grades, but each of the Metropolitan

batteries only covered one grade, Therefore, in order to

compare the two types of tests the range of levels in which

the pupils of each grade were working were also obtained.

Only the items included within the range of levels for a

particular grade were counted. The number of items testing

each level of the five units are presented in Table 24. The

braces above the levels represent the ranges of level for

each grade.
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TABLE 24

NUMBER Or ITEMS TESTING EKE' LEVEL or THE FIVE
SELECTED UNITS IN TB! 0AKLIAT cuRR/CuLUK:
SCALED TESTS VERSUS METROPOLITAN TESTS

Subtraction

Scaled Test items
MStrC. I Items
*Aro. II Items
Metro. III Items

Addition

Scaled Test Items
Metro. I Items
Metro. II Items
Metro. III Items

Numeration

Scaled Test Items
Metro. I Items
Metro. II Items
Metro. III Items

Money

Scaled
Metro.
Metro.
Metro.

Test Items
I Items
II Items
III Items

I

r-----rit Grade
A
1
0
o
0

dra G'racrel

2nd Grade 1

B C
3 S 4 0
3 0 0 0
3 3 2 0 S

0 4 2 2

1

1st Grade
A
1 2 5

0 3 0
0 1 5
o 1 5

1

A

Ord Gradel
2nd Grade 1

1

2 4
0
1 0
3 3

trarGrades
2nd Grade

I

lit Gra e
B C D E

5 4 2 3 0
3 4 1 0 0
2 4 2 0 0
0 0 0 0 3

Ord Grade!
1 2nd Grade 1

r INTE-47017----,
A B C D E
1 2 2 6 1
0 2 0 0
0 0 1 1 2

0 0 0 0 4
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TABLE 24 (continued)

NUMBER OF ITEMS TESTING EACH LEVEL OF THE FIVE
SELECTED UNITS IN THE OAKLEAF CURRICULUM:
SCALED TESTS VERSUS METROPOLITAN TESTS

Time

Scaled
Metro.
Metro.
Metro.

Test Items
I Items
II Items
III Items

1 lst Grade
A
0 3
0 1
0 0
0 0

are Gradel
2nd Grade 1

D E
9 4 0
0 0 0

0 0
1 0 0
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In considering tables 23 and 24 together, only eight

of the fifteen comparisons could be explained by tests having

a greater variety of items to cover a range of objectives.

The remaining seven comparisons could not be explained with

the above reasoning. Closer inspection of the data yielded

several explanations.

For first grade Subtraction the scaled test had

eleven items to the Metropolitan's three, yet the two tests

were about equal in predicting the pupils within three skills

of their actual unit and skill. The Metropolitan test,

however, predicted sixty-three percent of the pupils within

one skill while the scaled test only predicted forty percent.

There were seven items in the scaled test which were at

levels C and D. The last objective tested by the Metropolitan

test was the last objective in level B. The majority of the

first grade students (nineteen) did not work at all in the

Subtraction unit, but were placed at the beginning of level

C for 1965. These pupils, however, were able to answer items

in the scaled test which pertained to a higher level, even

though they had not reached that level in the curriculum

sequence. Because of this the pupils were predicted above

where they were placed. Such occurred in twelve cases. No

opportunity to pass such items was present in the Metropolitan

test. Therefore, all those passing the three items were

predicted at the first skill of level Co

The same line of reasoning was suggested as an

explanation for the results of the second grade Addition
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tests, the first grade Money tests, and the first and second

grade Time tests.

The absence of items at level E for the scaled

Numeration test, third grade, was suggested as a reason for

this test having a greater number of predictions more then

three skills off when compared to the Metropolitan test.

Only three of the third grade pupils were working in level

D. All others were working above that level. While only

three items constituted the Metropolitan Numeration test, all

were 3t level E.

One suggested reason for the difference between the

third grade Addition tests was that the items at level E on

the scaled test were easier items than those at level E on

the Metropolitan. The level E Metropolitan included both

the addition of four-digit numerals with carrying and state-

ment problems involiing carrying of multiple-digit numerals.

Neither of these objectives was tested on the scaled tests.

Some credence was given this suggestion because twenty

level E predictions were made from the scaled test and

eighteen of these were too high. Only nine level E predictions

were made from the Metropolitan with six being too high.



VI. CONCLUSIONS AND SUGGESTIONS FOR FURTHER RESEARCH

From the results it can be concluded that it is

indeed possible to construct sequentially scaled achieve-

ment tests in certain areas of arithmetic. No conclusions

were reached concerning the Time tests, since further re-

vision was necessary before it would scale. Several other

tests, while scaled, require improvement. These results

pertain to five selected areas in arithemetic covering grades

one through three; thus the conclusions are restricted to

these areas. Further investigation at all grade levels in

arithmetic achievement areas such as multiplication, divi-

sion, and fractions is warranted. The nature of arithmetic

lends itself to scaling, since many processes depend on pre-

viously learned skills. The scaling procedures should also

be attempted in other subject matter areas to determine the

scope of application.

The application of any particular scaled test may

be limited, however. The results of the Numeration test

showed that a test may scale for one group and not another.

The rank difference correlations between the tests for the

Oakleaf and Sickman subjects indicated fluctuation in the

item orders between groups. This result meant that a given

order of items may scale for one group but need rearrangement

to scale for another group. Therefore, when describing a

test as scaled the statement should pertain to a specific

group and order of items. A reason suggested for the variation

100
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in item orders is that two different types of schools were

employed in the present investigation and the orders in

which the behavioral objectives were taught may have not

been the same. This suggested that while the scaling metho-

dology may have a wide range of application, any specific

scaled test may have a rather restricted range of application

dependent on the order of the objectives in the curriculum.

It would be hazardous, therefore, to attempt to infer

behavior from total score for a group whose curriculum

sequence differed from the sequence on which the scaled

test was based.

These results also substantiated the warnings of

Schuessler, Torgerson, Campbell, and Zerckhoff (see page 26)

who stated that one could not conclude, on the basis of a

sample, that a universe was scaled. In the present in-

vestigation the same items had a different scaled order for

two different samples. This suggests that certain skills

in mathematics may not be prerequisite to others but,

rather, depend on the, order in which they are taught. The

scaling procedure, therefore, may have application in the

determination of prerequisite skills. Such application

should be the topic .of future research.

The ufinal orders of items uwhich obtained the maxi-

mum criteria for scales in the Oakleaf and Sickman samples,

respectively were not the same orders as logically postulated

for the objectives. 'Thisauggestetthetsmpirical,voriftca-

tion throuth the scaling methodologylehould be attempted
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before an order of objectives and their corresponding items

are considered scaled,

The resultant item orders also indicated that the

objectives in the Oakleaf curriculum were not in the best

sequence. For example, in both the Oakleaf Subtraction and

Addition tests the objectives and items involving borrowing

or carrying with single or multiple-digit numerals were more

difficult than those which involved multiple-digit numerals

without either borrowing or carrying. In each instance,

however, borrowing and carrying with single-digit numerals

was taught at the level before multiple-digit numerals

without borrowing or carrying. Such examples suggested that

the use of the scaling methodology may have application in

curriculum analysis. Such an application should be the topic

of future research.

The scaled tests were constructed as one method of

obtaining greater meaning from test raw score; namely, to

be able to infer behavior from raw score. The scaled test

raw scores should indicate what specific behaviors a pupil

has mastered on the test.. Excluding the results of the Time

test which was not scaled, such inferences were possible

from the tests obtained in the present investigation. In

each test from eighty-seven to ninety-seven percent of the

total raw scores were within one item of re presenting the

first n items passe.

These xesulta concerning the items represented by

the total score were in contrast te the, results from the
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total raw scores of a norm-referenced test, the Metropolitan

Achievement Test. Except to state that so many items were

passed and failed, no meaning could be given to the total

raw scores of the two arithmetic subtests of the Metropolitan

at each of the first three grades. These total raw scores

included items from Addition, Subtraction, Multiplication,

Division, Fractions, Money, Time, etc., but there was no

way of telling from the total score which of these items were

passed and which were failed. Even with the Metropolitan

items identified according to units, the scaled tests had

more stable score atterns. This latter result should be

further substantiated, however, for it was based on only two

scaled tests, Addition and Subtraction.

The items which appeared in the scaled tests and in

the Metropolitan tests were similar in many cases. When

the scaling methodology was applied to the unit tests derived

from the Metropolitan two scaled tests were obtained. The

apparent reason for more scaled tests not being obtained

was lack of item rather than differences in items. The

essential point was that scaled tests could be obtained from

a norm-referenced test. This suggested that the two types

of tests, scaled and norm-referenced, differed mainly because

of the nature of the information desired from the raw score.

The results of, application of two item analysis pro-

cedures to the scaled tests suggested that the upperrlower

twenty-seven percent method: wait inipprcpriate for scaled tests

since items rejected by this, procedure were good items ,f0r la

scale. The results also further substantiated the

contention that the type of item analysis applied should
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depend on the type of test desired. Further research is

needed in this area with the investigation covering a

wider range of item analysis procedures and varying types

of tests.

The split-half reliability coefficients obtained for

the scaled tests were of the same magnitude as those of the

Metropolitan subtests even though the procedure was more

suited to the Metropolitan. Because of the contaminating

factors the scaled tests may well have higher split-half

reliability than the Metropolitan arithmetic subtests.

Further research is suggested in the area of test-

retest reliability for scaled tests. One test-retest

procedure which could be attempted would be to administer

the scaled test, wait a day, and re-administer the test.

This should praCtically eliminate the contaminating factor

of having the ranks of students change. If extended periods

of time are allowed to pass between administrations, a

procedure might be developed which would encompass only the

items passed on the initial test administration. That is,

if a pupil passed the nisi n items the initial time he

should have palsied at'least the first n items the second

time.

The validity procedure 'which involved predictions

of pupil' VositiOn: in' the-- curriculum= seipiande is suggested

tae *Ovidift -a type of 'c.vitiltruct'-vailidity., The Yresults

sUggeoited,that this -type Of validity can ibe`-itatmeased by

'greater coverage ,of beheittitoral :Objectives in a curriculum
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sequence. While this conclusion should have been obvious,

the results afforded empirical evidence. The results also

suggested certain contaminating factors for this type of

validation: (1) If the objectives are not in the same

sequence in the curriculum as they are in the test, the

resultant predictions may be less accurate than if the

orders were the same, (2) Two of the factors appeared

to interact: the number of items and the number of objectives

tested. It is suggested that this type of validity will be..

improved with more objectives in a given level being assessed

with a sufficient number of items. Further research is

needed, however, to determine the amount of interaction of

the above factors and to determine how many items constitute

a sufficient number to test an objective.

To employ the above validity procedure, however, a

daily record of pupil achievement and progress in the cur-
,

riculum sequence is required. Future research in this area

could involve the evaluation of this validity procedure as

a type of construct validity, and also the evaluation, employing

this validity procedure, of tests currently being employed in

the schools as measures of achievement.

In addition to consideration of validity, future

investigation should employ caution in the construction of

scaled tests. When constructing scaled tests it should

be made certain that all groups to be tested follow the

same curriculum sequence, or adjust for differences being

made by scaling for each group separately.
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If behavior is to be inferred from test score both

an individual's responses and the order of items should

be consistent. Therefore, future investigations should

consider both types of reliability, stability of test scores

and stability of item orders, when a scaled test is evaluated.

Caution should also be exercised in the selection of item

analysis procedures since the type of test desired may well

dictate the item-analysis procedure to be employed.

It is also suggested that the scaling methodology

has application in the schools for use by teachers and

curriculum designers. The methodology is not complicated,

and therefore, should be readily accessible to the classroom

teacher. Given the objectives a teacher who can write good

test items should find the methodology useful for placement,

diagnostic, and achievement testing.

From the results of the present investigation

those concerned with curriculum design should also find

application for the scaling methodology. The methodology may

be employed as a device for analyzing curriculum sequences or

for determining certain prerequisite skills.
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APPENDIX B

MONEY OBJECTIVES

The student will be able to:

11

1. Identify pennies, nickels, and dimes.

2. Give the value of a penny, nickel, or dime in cents.

3. *Identify the dollar and cent signs.

4. Give the value of a combination of two coins (penny,

nickel, and dime).

50 Give the value of a combination of 3 or more coins

(penny, nickel, dime).

6. Identify quarters, half-dollars, and dollars.

7. Identify equivalent amounts of oney.

S. Give the number of pennies, nickels, dimes, quarters,

and half-dollars in a dollar.

9. Give the value of a sum of money expressed in decimal

notation.

10, Add two amounts of money expressed in decimal notation,

without carrying.

11. Add two amounts of money expressed in decimal notation,

with carrying.

12. Can make change for amounts of money of $5.00 or less.

ADDITION OBJECTIVES

The student will be able to:

1. Count the number of objects in a set (less than 10).

2. Add two single-digit numerals with sums less than 10.

a, horizontally arranged
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b. vertically arranged'

(Where not specified the numerals are arranged

vertically)

3. Add two single-digit numerals with sums greater than

or equal to 10.

a. horizontally arranged

b. vertically arranged

4. Add three single-digit numerals.

5. Add two two-digit numerals without carrying.

6. Add three two-digit numerals without carrying.

7. Identify the proper way to arrange numerals so that they

could be added.

8. Add two three-digit numerals without carrying.

9. Add three three-digit numerals without carrying.

10. Add two two-digit numerals with carrying.

11. Add two three-digit numerals with carrying.

12. Add three two-digit numerals with carrying.

SUBTRACTION OBJECTIVES

The student will be able to:

1. Subtract one group of objects from another, 10 objects

or less.

2. Subtract using the expression "take away," with

numerals less than 10.

3. Subtract single -digit numerals.

a, horizontally. arranged

b. vertically-arranglid.

(Where not specified the numerals are arranged

vertically)
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46 Subtract a single-digit numerta from a two-digit numeral

(less than 20) without borrowing,

5. Identify the proper way to arrange numerals so that they

can be subtracted.

6. Subtract a single-digit numeral from a two-digit numeral

(less than 20) with borrowing.

7. Subtract two two-digit numerals without borrowing.

S. Subtract a two-digit numeral from a three-digit numeral

without borrowing.

9. Subtract two three-digit numerals without borrowing.

10. Subtract two two-digit numerals with borrowing.

TIME TELLING OBJECTIVES

The student will be able to:

1. Fill in the missing numerals on a clock face.

2. Identify the ,hour and_minute hands.

3, Tell time to; the hour

4. Tell tie to the half-hour.

5. Tell time to the quarter-hour.

6 Count the number of minutes between two points on a

clock.

a. up to 30 minutes

b, from 30 minutes to 1 our

7. Discriminate between clock faces then the time it expressed

as:

, minutes. after (half04tour)a y ,

thirty. (half-hour)
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8. Write the time, in numerals (e.g. 8:00), when given a time.

9. Write the time in numerals when given a clock face:

a. to the hour

b, to the half-hour

c. to the quarter-hour

d. to five-minute intervals

e. to the minute

NUMERATION OBJECTIVES

The student will be able to:

1. Recognize numerals from 1 -to 10.

2. Write numerals sequentially from 1 10.

3. Find the larger or sailer of two numerals from 1 - 10.

4. Write the numeral that comes just after a numeral from 1 - 10.

5. Write the numeral that comes just before a numeral from 1 - 10.

6. Recognize numerals from 1 - 100.

7. Write numerals sequentially that come between two given

numerals from 1 - 100,

8. Find the larger or smaller of two numerals from 1 - 100.

9. Count the number of objects in a group presented visually.

10. Count by fives from 1 100.

110 Write the numerals that come before and after a given

number or series of numbers from 1 - 100.

12. Write sequentially, counting by ones, the numerals that

follow a given numeral from 100 1000.

13, Write the numeral tha%; co es just after a, given numeral

from 100 - 1000.

14. Write the numeral that comes just before a given numeral

from 100 - 1000.
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APPENDIX C

A SHORT DESCRIPTION OF MATHEMATICS UNITS

1. A Numeration - Counting to ten.

2, .A Addition - Addition to sums of six with pictured objects.

3. A Fractions - Identification of 1/2 of objects and small
sets.

4. A Money - Recognition, of common coins (penny, nickel, dime),

5. A Time - The day as a unit of time.

6. A Systems of Measurement - Qualitative dimensional
discrimination by verbal directions.

7. A Geometry - Recognition of simple geometric figures.

S. B Numeration - Counting to 100. Use of ordinals to 10th.

9, B Addition - Addition to sums of 10.

10. B Money - Beginning money equivalents (50 m 1 nickel).

11. B Time - Clock reading to the hour.

12. B Systems of Measurement - Aeginning equivalent length
(3 ft. m 1 yd.).

13. B Geo etry - Draws siJvple geometric figures.

14. C Numeration - Counting to 150.

15. C Place Value - Place:value charting to hundreds.

16. C Addition - Two digit.sums without carrying but with
expanded notation.

17. -C Subtraction - Two digit differences without carrying but
with expanded notation.

18. C Combination of Processes - Word problems with skills
learned to this point plus
selection of proper operation
to Solve problems.

19. C Fractions -_With fractions to 1/4 divides single objects
and groups of objects.

11111



20, C Money ra t
quarter

A ny, nick. dims, d

2i. C Ti Solves problems requiring, additiOn or subtraction
of hourS.

22. C Systems of Measurement Converts units: inches feet,
pint - quart - cup, dozen 1/2
(Wren.

23. C Geometry Recognizes and flashes solid geometric figures,

24. C Special Topics - Reeds any nuMerals, to 10; reads
thermometer; reads charts and graphs.

25. D Numeration Counting to,1,000 (reading and writing
numerals with skip counting.).

v.

26. D Place Value - Makes and reads place value charts to.
thousands,

27. D Addition - Begins addition with tarrying.

20. D Subtraction - Begins subtraction with borrowing.

29. D Multiplication Does multiplication as repeated addition.
Memorizes tables through 5 x 5.

30. D Division - Does division as partition, inverse to
addition, and memorizes tables through 25
divided by 5.

31. D Combination of Processes - Solves problems requiring
selection and discrimination
of many processes.

'

32. D Fractions - Applies fractional concepts (2/3, 3/4) to objects
and groups. ,Begins formal operations
(1/2 x 8 = ?).

33. D Money Operates with money values to $5.00.

34. D Time - Tells time to the minute and uses time in problems.

35. D Systems of Measurement - Extends linear and volume systems
and begins metric system with
centimeters.

36. D Geometry - Identified open versus closed curves, line
segments versus lines.

37. D Special Topics Reads Roman numerals to 30.
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38. X Numeration Ideititiel Odd versus even numbers; rounds
rand miVomat41,0 n sr

39. E Place Value - Uses place value to millions; begins
exponents of base 10.

40. E Addition - PeOgicoMB carrying to thousands.

41. E Subtraction subtraction with. borrowing to phundreds.

42. E Multiplication a multiplication as repeated addition.
s tatty* and distributive
nci ie and does simple multiplication

c;ar 4g,

43. E Division - Uses ladder algorithm for division.

44. E Combination of olves, using n as variable.
Does ';,operations with competing

prOceassase

45. E Fractions - Identifies equivalent fractions; adds
fradtion with a common denominator.

46. E Money - Adds and subtracts ''coney values using decimal
notation.

47. E Time - UmeS seconds in time problems.

48. E Systems ofAssourement Adds and subtracts measures
'tiy ,regrouping when necessary.

49. E Geometry - Identifies simple line figures (equilateral
triangle, qUadrilateralt parallel lines,
midpoint, end points, ::right angle,
intersect ing linos, perpendicular lines).

50. E Special Tol4cs
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